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Chapter I. Aryabhata- The Author: 


Aryabhatiya is a composition of Aryabhata. We all know his name very well. However, 
we know very less about him as he, himself has not shared much about him. We have 
few information about him through his compositions. In Aryabhatiya, he has mentioned 
his name twice, first in opening stanza of first chapter of Gitika pada and in opening 
stanza of second chapter of Ganita pada. We will see all those chapters in details as 
we go on. 


We all know that, first Indian satellite was designated “Aryabhata” after his name and 
was put into orbit on April 19, 1975. Time is an important dimension which places an 
important role in all our life. Any situation or a state of person or state of any object 
cannot be defined without defining appropriate time for the same. For defining any 
timeline, we need a reference which can define starting point. Ideally this reference of 
Time Zero, should have been the time when first universe got created for the first time 
or a definite point in time as reference, if time is considered Anadi (no beginning and 
end). Also, for measurement of time, we need something which has a periodicity and 
which ideally doesn’t change its periodicity with respect to time scale. For example, let 
us take our age. Our age is actually a measurement of number of years we lived after 
our birth. Time taken for earth to revolve once around sun is defined as a year. 
Interestingly, our age is actually number of times we revolved around sun. Every living 
being, has an inbuilt clock inside then which is defined based on Sun and Moon 
pattern. Let us go in-depth on these scales defined by Aryabhata as we go on inside 
Aryabhatiya from Chapter II. 


Year of birth of Aryabhata is shared by Aryabhata himself with precision. There is a 
verse in Aryabhatiya which describes as “When sixty times sixty years and three 
quarter-yugas had elapsed, twenty-three years had then passed since my birth”. From 
the above verse, it is clear that Aryabhata was twenty-three years of age and it is Kali 
year 3600. As per modern time reference, Kali year 3600 corresponds to A.D. 499. 
So, Aryabhata was born in year A.D. 476 (499-23=476). To be more precise, 3600 
years of Kali yuga came to an end on Sunday, March 21, A.D. 499, at mean noon, at 
the time of Mean sun's entrance into the sign Aries (Madhyama-mesa-sankranti). So, 
the time of birth of Aryabhata is on Mesa-sankranti on March 21, A.D. 476. Reference 
date given here is on Modern calendar reference. 
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1. Do you know? 











Ancient works in the field of Astronomy by Indians: (Listed only few) 


Apastamba sulba sutra 
Aryabhatiya 
Atharvana jyotisa 
Bhakshali 
Baudhayana Sulba sutra 
Bijaganita 

Brahma sphuta siddhanta 
Bijaganitavatamsa 
Brhajataka 
Brhajjotishasara 
Brhatsamhita 
Candraprajapati 
Dhikotidakara 
Dhivrddhida tantra 
Drgganita 
Ganitakaumudi 
Ganitamuyoga 
Ganitasarasangraha 
Ganitatilaka 
Goladipika 

Golasara 
Grahasaranibandana 
Grahalagava karana 
Grahana mandana 
Grahana nyayadipika 
Grahanastaka 
Jambudvipa prajnapti 
Jambudvipa samasa 
Jothisha siddhanta sangraha 
Jothiscandrarka 
Karana kaustubha 
Karana kutuhala 
Karanamrta 

Karana paddhati 
Karana prakasa 
Karana ratna 
Karanendusekhara 
Karanottama 

Kasyapa samhita 
Katyayana sulba sutra 
Khanda khadyaka 
Kuttakara siromani 
Laghu bhaskariya 
Laghumanasa 
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Lilavati 

Maha bhaskariya 
Maha siddhanta 
Manava Sulba sutra 
Pancasiddhantika 
Patiganita 
Rajamrganita 
Rasigolasphutaniti 
Rekhaganitha 
Romaka siddhanta 
Sadratnamala 
Sarvananda karana 
Sarvananda laghava 
Siddhanta dharpana 
Siddhanta sarvabauma 
Siddhanta sekera 
Siddhanta siromani 
Siddhanta sundara 
Siddhanta tattvaviveka 
Sishya dhi vrddhida 
Soma siddhanta 
Sphutacandrapti 
Sphutanirnaya tantra 
Suryaprajnapti 
Surya siddhanta 
Tantra sangraha 
Tattvarthadhigama sutra bhasya 
Tiloya pannatti 
Triloka sara 
Trisatika 
Vakyakarana 
Vatesvarasiddhanta 
Vedanta jyotisa 
Venvaroha 

Visva prahelika 
Yuktibhasa 
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2. Do you know? 





Ancient Indian multiplication: 
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Chapter Il. Aryabhatiya — Introduction 


Aryabhatiya deals with both Mathematics and astronomy. It contains 121 stanzas. It 
is divided into four chapters called Padas. 


Pada 1 - Gitika-Pada: Consists of 13 stanzas which includes basic definitions & 
important astronomical parameters and tables. It gives definitions of larger unit of time 
(Kalpa, Manu and Yuga), the circular units (Sign, degree and minute) and the linear 
units (Yojana, nr, hasta and angula) and states the number of rotations of the Earth 
and the revolutions of the Sun, Moon and planets, etc., diameters of Earth, Sun, Moon 
and other planets, etc., 


Pada 2- Ganita Pada: Consists of 33 stanzas, which deals with mathematics. This 
pada deals with geometrical figures, their properties and mensuration. 


Pada 3- Kalakriya Pada: Consists of 25 stanzas, which deals with various units of time 
and determination of true position of Sun, Moon and planets. 


Pada 4- Gola Pada: Consists of 50 stanzas, which deals with motion of Sun, Moon 
and planets. 


Next, we will see Gitika pada sutras starting with Mangalacaranam & Vedic number 
system. 
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3. Do you know? 
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4. Do you know? 


Testimonies from two French mathematicians: 


* *The ingenious method of expressing every possible number using a 


set of ten symbols (each symbol having a place value and an 
absolute value) emerged in India. The idea seems so simple 
nowadays that its significance and profound importance is no longer 
appreciated. Its simplicity lies in the way it facilitated calculation and 
placed arithmetic foremost amongst useful inventions. The 
importance of this invention is more readily appreciated when one 
considers that it was beyond the two greatest men of Antiquity, 


Archimedes and Apollonius." — Laplace (early 19' century) 


*The Indian mind has always had for calculations and the handling of 
numbers an extraordinary inclination, ease and power, such as no 
other civilization in history ever possessed to the same degree. So 
much so that Indian culture regarded the science of numbers as the 
noblest of its arts.... A thousand years ahead of Europeans, Indian 
savants knew that the zero and infinity were mutually inverse 
notions....” — Georges Ifrah (1994) 
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Chapter Ill. Gitika Pada 

Stanza 1: 

Wag Ud ste Gat Cadi Us Ta | 

aiH AA Taf ford raspa Man 112.211 


“Having paid obeisance to God Para-Brahmam — who is one and created many, the 
real God, the Supreme Brahmam- Aryabhata sets forth the three, viz., mathematics 
(Ganita), reckoning of time (Kalakriya) and celestial sphere (Gola)” 


This stanza is Mangalacaranam of Aryabhata to Supreme Brahmam. 


In above stanza, text "kam" can be interpreted as "anandakam" (supreme bliss), 
"satyam" as "satsvarupam"(really existing truth for ever) and "devatam" as "cit- 
svarupam" (pure intelligence). Para-Brahman, who was the only one initially, who 
created other gods and other forms, is the supreme bliss, real existing truth and pure 
intelligence. Aryabhata sets forth Ganita, kalakriya and Gola to the Para-Brahman as 
the mysteries of the science were revealed to Aryabhatta after worshipping him. 


Stanza 2: 


amaia asas amero pa ga: | 
afa a aa afsat aaraa qr 1l 3 


“Varga letters (‘k’ to ‘m’) in the varga places and avarga letters (‘y’ to ‘h’) in the avarga 
places. (The varga letters take the numberical values 1,2,3, etc.,) from ‘k’ onwards; 
(the numerical values of the initial avarga letter) ‘y’ is equal to ‘n’ plus ‘m’ (i.e., 5+25). 
In the places of the two nines of zeros (which are written to denote the notational 
places), the nine vowels should be written (one vowel in each pair of the varga and 
avarga places). In the varga (and avarga) places beyond (the places denoted by) the 
nine vowels too (assumed vowels or other symbols should be written, if necessary)” 


As mentioned earlier, Gitika section is very important as it set forth the definition and 
rules for further sections. It may seem that lots of information is given in one stanza, 
and it is true, it is also important to understand it thoroughly to understand other 
chapters. Things may seem complex as it is different but our normal thought process. 
| don’t know Sanskrit and but managed to understand by referring some references. 
O will share in an easy way to understand. These are basic definition which can be 
understood if you know the letters. In our modern mathematics, there are 10 letter O- 
9 with which we do all mathematics calculation. In vedic number system, there are 
more letter to represent counts. This helps in representing large numbers with lesser 
letters. For example, value of at (cau) is 60000000000000000 (6x10^16). As 
Aryabhatiya is about astronomy, we will be seeing large numbers in upcoming 
stanzas. Nonetheless, vedic number system can and is also used for fractions too. 


In Sanskrit alphabet, the letter ‘k’ to ‘m’ are classified into five vargas (classes) — ka- 
varga, ca-varga, ta-varga, ta-varga and pa-varga. Each varga classes has five letters. 
These letters will represent numerical values 1 to 25 as given below: (Please note 
Consonant(®) + vowel (4) will give a syllable (#), which has a value) 
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ka-varga: ® (k) =1; Y (kh) =2; TT (g) =3; Y (gh) =4; E (ñ) =5; 
ca-varga: 7 (c) =6; Y (ch) =7; Y (¡)=8; Y (¡h) =9; I (f) 210; 
ta-varga: € (t) =11; 3 (th) =12; S (d) =13; 3 (dh) =14; UT (n) =15; 
ta-varga: d (t) 216; 9I (th) 217;  (d) =18; Y (dh) =19;  (n) =20; 
pa-varga: U (p) 221; 1? (ph) =22; 3 (b) 223; Y (bh) 224; H (m) 225; 


In modern number system (10 digits decimal system), place of a number gives 
different value to represent large numbers. Example, for number 23 (reading from 
right, 3 is first and then 2 in second place) value of the number is actually 
3x10%0+2x1011, which 3 + 20. Another example, for number 131, value of the number 
is 1x10^0--3x10^1-41x10^2, which is 12430-4100. Here, to represent higher values, 
avarga letters and vowels are used. 


The letters 4 (y) to & (h) are called avarga letters. Numerical values of these letters 
are given below: 


4 (y) = 30; X ( r) = 40; € ( I) = 50; d ( v) = 60; 8T (8) = 70; Y (s) = 80; Y (s) = 90; E ( h) 
= 100. 


Please note that every avarga is increasing by 10 in values starting from 30, till 25 is 
covered in vargas. 


We saw earlier that Consonant(*) + vowel (31) will give a syllable (+), which has a 
value. To arrive at value, we should know the power of vowels. In last post, we saw 
value of d» as 1, which can also mean that & (1) x H (1040), i.e., 1. Multiplication factor 
of vowels are given below: 


8I (-a) = 10^0; 3 (-i) = 1012; 3 (-u) = 1044; ® (-r) = 1016; Y (-1) = 1018; U (-e) = 
10110; 3% (-0) = 10112; 9 (-ai) = 10114; 3 (-au) = 10116; 


In above, short vowels are extensively used in Aryabhatiya. Long vowels (last two) 
are rarely used. Words which represents a value to be read from left to right. We will 
see with examples: 


1. P =P (1) xB (106) 
= 1000000 
2.18 2 80 x 10^2 
- 8000. 
3. Y = Y +Y+Y 
= 2x10/4+30x10"4+4x1016 
= 20000+300000+4000000 
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= 4320000. This is the number of years earth has revolved around sun since 
the beginning of this Yuga. Yuga here is yuga cycle, including all small yugas like Krta, 
Treta, Dvapara and Kali, which are part of the cycle. We will see what is Yuga, Manu 
and Kalpa in time scale later. 


Try converting value 108. You should get wid». With this second stanza, which is on 
number system is over. 


Refer Aryabhata Number system file for reference. 








1. Interesting thoughts 
Any event has two outcome based on the state of change: 

1. Agreement and 2. Disagreement. 

It can said that our existence is due to disagreement of matter with antimatter. Also, 
due to agreement of matter with another matter.Our body is healthy when it agrees 
in combining with another matter. When it disagrees, we get sick. 

Mostly, we value matter/ objects in the world because we like agreement. We value 
time due to disagreement. We never get satisfied with the happiness what we get 
out of the agreement of matters. We age with time due to disagreements of our body 
with other matter. We never get satisfied of disagreement either. What do we 
actually want then?An insect stuck in a spider web would be happy when it can 
easily feed on another small insects which get stuck in that web. When spider (time) 
comes we only pray for spider not to come to us. Ultimately, we fail to ask for the 
freedom from web. 























Stanza 3: 


qmi AY TN AMAIA e SUI ug | 
YA qa 79 AY Pa UR TARA H1 2.3 11 


“In a yuga(Y) of 4320000(%eY%) of solar (Sun- I) years, the eastwara(UIdg») 
revolutions of the Earth(g), 1582237500(feTSIgU&g); of the  Moon(XIf4]), 


57753336(aaNIg Yom, of Satum(Xid), 146564(ggíqt3); of  Jupiter(7[e), 
364224 (RI); of Mars(PUN), 2296824 (U¿ÍTFETE); Of Mercury(JL) and Venus( 47, 


the same as those of the Sun” 


As we have seen number system in last stanza, there are few numbers shared in this 
stanza for us to understand. However, there are many ongoing researches by scholars 
on this stanza. | will share what | understood. These are also shared in details in 
appropriate chapters. 


Revolutions mentioned in the above stanza are side real rotation about equator (it is 
mentioned in next stanza which is continuation of this one). One solar day is 24 hrs 
but one side real day is not exactly 24 hrs. Let us take only earth and sun related data 
in above stanza for understanding. In a yuga, earth rotates 1582237500 times in solar 
years of 4320000. 
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Earth rotates about its axis (this axis is at 23.5deg inclination from polar axis) and 
rotates around sun (axis of this rotation is about north pole and south pole). 
Remember, | mentioned that these data are with reference to equator. We all know 
that there are places above arctic circle (which is an imaginary circle made by the 23.5 
deg inclination reference) where sun doesn't set for approximately six months. 


One rotation around sun is termed as one year. Aryabhata calls Sun as Day-Maker as 
he considered Sun defines the definition of a day. Number of days in a solar year can 
be calculated as ((1582237500 - 4320000)/4320000) = 365.2586805555556, which is, 
365 days, 6 hrs, 12 min, 30 seconds. Modern day value is 365 days, 6 hrs, 9 min, 9 
sec. There are correction factors to arrive at more precise value. We will see those in 
relevant chapters. 


Also, as earth rotates 1582237500 times and considering that it rotates once around 
Sun a year. Mean solar days for this period is 1582237500-4320000 = 1577917500 
days. Number of hours in a side real day is (1577917500/1582237500) x 24 hrs = 
23.93447254283886 hrs, which is, 23 hrs 56 min 4.1 seconds. | am leaving this value 
till accuracy level of a Prana (1 Prana is 4 seconds, which is the time taken for one 
breath of average human being). Modern value of this side real day is 23 hrs 56 min 
4.091 seconds. 


It is to our surprise that the accuracy of this data shared by Aryabhata is exact to the 
level of a Prana considered by Aryabhata. Aryabhata has not shared the source of this 
data as he would have got these through Veda teachings from his Acharya, with 
blessing of Para-Brahmam, God himself, as mentioned in Stanza 1. Earlier days, 
students believed the words of his acharya and questioned him to learn more on the 
subject. We struggle to do so as we were bound to complete a course in a constrained 
period of time. We didn’t ask our teacher about “How an object gets its mass?” and 
“What is influencing gravity?”. 


We will see about Moon and other planets next. 


Before Nicolaus Copernicus (1473-1543) idea that planets revolved around Sun, 
Modern science believed that Sky revolved around the Earth. However, Aryabhata 
shared that planets revolved around Sun, and shared both Heliocentric and Geocentric 
concept. Also, he shared that the Earth is sphere and follows an elliptical orbit around 
Sun. 


Next let us take Moon, based on which month period is defined. Aryabhata shared that 
1582237500 rotations of the Earth equal 57753336 lunar orbit. So, from this Lunar 
orbit per rotation of Earth can be calculated as (1582237500/57753336) 
=27.3964693572. So, lunar orbit duration in number of side real days is 
(27.3964693572 x 23.93447254283886(refer last post))/24 = 27.32166848335957, 
which is 27 days, 7 hrs, 43 min, 12 seconds. This value matches the correct value by 
seven digits (27.3216638). Again, accuracy level matches till Prana level (4 seconds). 


For other planets, duration of their orbit in terms of side real period in terms of days 
are Mars- 686.99974; Jupiter — 4332.27217; Saturn — 10766.06465; 
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In next post, we will see Heliocentric number of rotations in a Yuga, which is mentioned 
at the end of this stanza as same as that of Sun (GRR). This denotes Heliocentric 
number of revolutions in Yuga. We will also, see Apogee and Ascending Node of Moon 
in next post. 


The orbital path of Moon is not uniform elliptic. Let us consider that it is elliptic around 
earth to understand Apogee. As it is elliptic, there will a point in orbit where Moon is 
far from Earth, which is called as Apogee (As this point, Moon will look smaller). The 
other point, where it is close to Earth is called Perigee (As this point, Moon will look 
bigger). 


There are two lunar nodes, Ascending node & Descending node. These are called 
Rahu (Ascending node) & Ketu (Descending node) here. The lunar nodes are the two 
points where the Moon's orbital path crosses the ecliptic, the Sun's apparent yearly 
path on the celestial sphere. When they are aligned, we get to see an eclipse. 


Stanza 4: 
aaa viser ser aR Y oriens UY IPR 
Sera urd-faenameqenta Snstrequred eng am II 


(This stanza is a continuation of the earlier and forms one sutra with previous stanza) 


“of the Moon's apogee (axle), 488219 (A [83 Y); of (the sighrocca {heliocentric} of) 
Mercury(§u), 17937020 TRA); of (the sighroccaf{heliocentric}) Venus(W), 
7022388 (AMAGS) ; of (the sighroccas {heliocentric}) the other planets, the same as 
those of the Sun; of the Moon's ascending node in the opposite direction (i.e., 
westward), 232226; These revolutions commenced at the beginning of the sign Aries 
on Wednesday (Start of Yuga) at sunrise at Lanka" 


Coincidently, Today, we have solar eclipse is few parts of the world and we are going 
to see Ascending node (Rahu) of Moon. For our location in Thane, on Sarvari, Aani, 
7, partial solar eclipse (based on modern time reference) will start from10.01am and 
end at 1.28pm. Maximum eclipse will be at 11.38am. 


Before going into number, let us see the importance of Lanka (TFIITH) mentioned in 
the stanza. Lanka here denotes Equator. Aryabhata shared Aryabhatiya at Ujjain, 
which passes through the Tropic of Cancer line. Location here is to be noted and 
remember as we will go in depth when we see how Aryabhata would have calculated 
Diameter of Earth to an accuracy level of 0.1%. For your information, As Earth's axis 
of rotation about itself is tilted by 23.5 deg (approx..) and also rotates around the Sun. 
Perfect noon, ¡.e. Sun exactly above us can be seen only in locations within Tropic of 
cancer to Tropic of Capricorn. For easy reference, when Sun is exactly above us, we 
won't be able to see shadow of object or person below Sun. 


As explained in my last post, Moon’s Apogee, is the remotest point on the elliptic path 
of Moon from earth. Number of side real days for Moon to complete one cycle from 
Apogee to Apogee is (4320000/488219) x 365.25868 = 3231.98708 days. Modern 
value is 3232.37543 days. 
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Moor's Ascending node (Rahu), is that point of the ecliptic, where the Moon crosses 
it in its northward motion. When Sun's position matches with this node, then we get to 
see Complete Solar eclipse. When Sun is behind Earth (where it is day for the other 
portion of Earth) and Moon crosses its Node exactly opposite to Sun, we get to see 
Complete Lunar Eclipse. Number of side real days for Moon to complete one cycle 
from Ascending node (Rahu) to Ascending node (Rahu) is (4320000/232226) x 
365.25868 = 6794.74951 days. Modern value is 6793.39108. 


Values mentioned by Aryabhata are based on approximation made on many factors. 
Remember, there are reason why our teacher asked us to use 22/7 or 3.14 for value 
of Piin our maths class and not exact long value with all decimal places. Our ancestors 
are very specific on accuracy level. We also have Pi value with 28 decimal places 
mentioned in Rig Veda. Katapayadi system of Number representation which may have 
come from Aryabhatiya number system gives value of Pi till 14 decimal places. 


Next, we will see Heliocentric rotation of other planets mentioned in this stanza. 


Aryabhata shared Aryabhatiya in 498 BC in University of Nalanda, in Patna. This was 
then translated into Latin in 13t century. Through this translation, European 
mathematician got to know the methods of calculating the areas of triangles, volumes 
of spheres as well as square and cube root. He was also the earliest to discover that 
the orbits of the planets around the Sun and ellipses. Aryabhatiya gives numerical and 
geometric rules for eclipse calculations. Einstein once said, “We owe a lot to the 
Indians, who taught us how to count, without which no worthwhile scientific discovery 
could have been made”. 


Back to our stanza, based on the number of geocentric rotation of Planets, 
Mercury(JY), 17937020(GTRIYA) & Venus(H1), 70223880998), we can calculate 
the side real period in term of earth days. For Mercury, (4320000/17937020) x 
365.25868 = 87.96988 days. Modern value is 87.9693 days. For Venus, 
(4320000/7022388) x 365.25868 = 224.69814 days. Modern value is 224.7008 days. 


It can be seen from the above two stanzas that Mercury and Venus are represented 
in Heliocentric number of rotations and also for Moon apogee and ascending Node. 
These are represented in difference reference as compared to Jupiter and Saturn. 
Only Mercury, Venus and Moon can come in between Earth and Sun to create Solar 
eclipses. This stanza is over. 


All modern values mentioned are with reference to Epoch J2000.0 reference. These 
values vary with time as Earth’s self rotation speed is reducing due to Moon’s 
gravitational force on tidal waves dragging it to slow down. This will increase the side 
real day time. Aryabhata shared these values based on his observation during his 
time. Next, let us see Time scale considered by Aryabhata based on Yuga cycle of 
4320000 years. 
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Stanza 5: 


Pe HAA E, 149 3: 2, TARA A, HIM: AA | 
FURIA a, Paa, Raq YAR II 


“A day of Brahma (or a Kalpa) is equal to (a period of) 14 Manus, and (the period of 
one) Manu is equal to 72 yugas. Since Thursday, the beginning of the current Kalpa, 
6 Manus, 27 Yugas and 3 quarter Yugas had elapsed till the to end Bharata” 


From the above stanza, we have, 1 Kalpa = 14 Manus; 1 Manu = 72 Yugas. So, 1 
Kalpa = 1008 Yugas or 4354560000 years. These are Time scale above Yugas. 


Second part of the stanza explain the Point of our current Yuga in a Brahma day cycle. 
The time elapsed since the beginning of the current Kalpa up to the beginning of the 
current Kaliyuga is 6 Manus + 27 3⁄4 Yugas, which is (6 x 72 + 27 3⁄4) Yugas, ie., (432 
+ 27 Y) x 4320000 Years equals 1986120000 years (725447570625 days). Day of the 
current Kalpa started on Thursday. Current Manu is Shraddhadeva Manu or 
Vaivasvata Manu. 


725447570625 / 7 = 103635367232 weeks and 1 day. This shows that Mahabharata 
purana ended (bharatat purvam) on Friday. Full Yuga cycle is considered here as one 
cycle, so, it is also to be noted that there is an overlapping phase between the small 
Yuga. Hence, Aryabhata did not specify end of Mahabharata as starting of Kali Yuga. 
It is also to be noted that inbetween each small yugas, there is an overlapping phase 
called Yuga Sandhi. Hence, complete Yuga (including all four small yugas) is 
considered to form one Yuga cycle. 


Stanza 6: 


IARR o ah ASIP AAAA 4-3-4- | 
Dore Hat 4, GAT ugad, HASHA 113.4 11 


"Reduce the Moon's revolutions (in a Yuga) to rà$a (NISI, signs), using the fact that 
there are 12(d) signs in a revolution. Those signs multiplied successively by 30(4), 
60(d) and 10(31) yield teSa(dSsI, degrees), kalà (Pci, minutes) and yojanas (MT), 
respectively. Earth rotates through one minute of arc in one prana (MÒNA Pai Y). 
The circumference of the sky divided by the revolutions of a planet in a yuga gives the 
orbit on which the planet moves. The orbit of the constellations 60 times the orbit of 
the Sun”. 


From the first line on yojanas, minute and degrees division, it is clear that 10 yojana = 
1 arc minute; 60 arc minute = 1 degree; Moon's revolution is divided into 12 signs. 
Which means that 1 revolution = 12 x 30 degree = 360 degrees. 


From the second line, the time prana is the time taken by Earth to rotate by 1 arc 
minutes, which can be calculated as 


For 1 side real revolution, 360 degree = 23.93447254283886 hrs 
So, 1 arc minute = 23.93447254283886hrs x 60x 60 /360/60 
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= 0.0664846459523302 x 60 x 60 /60 
= 3.989 side real seconds 
So, 1 prana (1 respiration) is roughly considered as 4 seconds. 


Next, circumference of the sky divided by revolutions of a planet in a Yuga gives the 
orbit on which the planet moves. This is for circumference of orbital motion of each 
planet on sky. 


Orbit of the sky = 57753336 x 12 x 30 x 60 x 10 yojanas 
= 12474720576000 yojanas. 

Orbit of the Sun = 12474720576000/4320000 
= 2887666 and 4/5 yojanas. 


Similarly, orbit of other planets can be calculated by dividing the Orbit of the sky divided 
by number of rotations of the planet in a Yuga to get Orbit of the planet. Here yojana 
is the linear distance travelled by Object in their orbital path in sky. 


Next, The orbit of the constellations 60 times the orbit of the Sun. So, 
Orbit of the constellations (stars) = 2887666.8 x 60 
= 173260008 yojanas. 


As mentioned above, in Indian astronomy, we have twelve signs in a Moon’s 
revolution. They are 1. Maish or Mesa or Aries, 2. Vrish or Rishabham or Taurus, 3. 
Mithun or Mithunam or Gemini, 4. Kark or Katakam or Cancer, 5. Singh or Simma or 
Leo, 6. Kanya or Kanni or Virgo, 7. Tula or Tulam or Libra, 8. Vrishchik or Vruchigam 
or Scorpio, 9. Dhanu or Dhanusu or Sagittarius, 10. Makar or Makaram or Capricorn, 
11. Kumbh or Kumbham or Aquarius, 12. Meen or Meenam or Pisces. 


Constellations mentioned in Atharvaveda are Krttika,Rohini , Mrigashirsha, Ardrà 
,Punarvasu, Pushya, Aslesha, Magha , Purva phalguni, Uttara phalguni , Hasta, 
Chitra, Svati, Vishakha, Anuradha, Jyeshtha, Mula, Purva ashadha, Uttara ashadha, 
Shravana, Dhanishta, Satabhishak, Purva Bhadrapada, Uttara Bhadrapada, Revaiti, 
Ashvini and Bharani. 


Stanza 7: 


J-A aey, Rar Y-A, shaor Fro, > AR I 
YT- ANS SARA AMAR 112.0 11 


“8000(7) make a yojanam( aor. The diameter(oGXRil) of the Earth(}) is 1 O50(fercr) 
yojanas; of the Sun and the Moon, 441 o(fstem) and 315(fiTUI) yojanas, (respectively); 


of Meru(BNhI) , 1(d») yojana; of Venus(I1]), Jupiter(1]1o), Mercury(si), Saturna) and 
Mars( ÑA), one-fifth, one-tenth, one-fifteenth, one-twentieth and one- 
twentyfifth(respectively), of the Moon’s diameter. The years are solar years” 
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1 yojana is 8000. Here, 8000 refers to 8000 dhanus. + also refers to nara, purusa, 
dhanu and danda. 


Linear diameter in yojanas for the Earth, the Sun and the Moon are 1050, 4410 & 315 
yojanas respectively. Diameter of Meru is 1 yojana. 


Linear diameters in yojanas at Moon’s mean distance for Mars, Mercury, Jupiter, 
Venus & Saturn is 12.6(315/25), 21(315/15), 31.5(315/10), 63(315/5), 15.75(315/20) 
respectively. 


We will use these values later to define the diameters and distances in modern 
measurement reference to compare the accuracy of data shared by Aryabhata. 


Stanza 8: 
TT HT TESTE SIfrfdaus uus gt Sr | 
INIA GA SÍ, YJ-JU A, PASTY TER AT 112.0 II 


“The greatest declination of the Sun is 24deg. The greatest celestial deviation from the 
ecliptic of the Moon is 4 V^ deg; of Saturn, Jupiter and Mars, 2deg, 1deg and 1 Y. deg 
respectively; and of Mercury and Venus, 2deg. 96 angulas(3/<*]c7) or 4 cubits (TéRTH) 
make a Tor T 


We will take the last point as it is related to the last stanza. 
96 angulas make 4 cubits. le., 24 angulas makes 1 cubit. 
96 angulas make 1 nr & 8000 nr make 1 yojana. 


Since, Earth’s diameter is 1050 yojanas, according to modern value of diameter of 
Earth is 12757 km. From this we can convert the above data in modern reference. 


1 yojana = 12.1111 km. 
1 nr= 152 cm. 
| cubit = 38 cm which is 1.25 feet. 


The greatest declination of the Sun is the obliquity of the ecliptic. Value given by 
Aryabhata is 24deg. Modern value is between 23deg 27min to 23deg 47min measured 
in Julian centuries from 1900AD. Value in common use is 23.5deg. 


Inclination of Orbits of Moon is 4.5deg; Mars, 1.5deg; Mercury, 2deg(geocentric); 
Jupiter, 1deg; Venus, 2deg(geocentric); Saturn 2deg. 


Modern values of inclination of Orbits of Moon is 5.15deg; Mars, 1.85deg; Mercury, 
7deg(heliocentric); Jupiter, 1.2deg; Venus, 3.4deg(heliocentric); Saturn 2.5deg. 


Stanza 9: 


JUYTLPATSAITA -1-9-8 We SIGH HYATT | 
aga x Y AA GEA an 112.811 
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“The ascending nodes of Mercury(d8), Venus(*!], Mars(d»w), Jupiter(t]o) and 
Saturna) having moved to 20deg(41), 60deg(d), 40deg(3I), 80deg(8), 100deg(e) 
respectively; and the apogees of the Sun and the same planets having moved to 


78deg(&l), 210deg(ARA), 90deg(), 118deg(e«l), 180deg(ecd) and 23600) 
respecctively” 


Above stanza gives the longitudes of the ascending nodes and the apogees of the 
planets for AD499 given by Aryabhata. 


Longitudes of the Ascending nodes for Mars, Mercury, Jupiter, Venus and Saturn are 
40deg, 20deg, 80deg, 60deg and 100deg respectively. Modern values by calculation 
are 37deg 49min, 30deg 35min, 85deg 13min, 63deg, 16min and 100deg 32min. 


Longitudes of the Apogees for Sun, Mars, Mercury, Jupiter, Venus and Saturn are 
78deg, 118deg, 210deg, 180deg, 90deg and 236deg respectively. Modern calculated 
values are 77deg 15min, 128deg 28min, 234deg 11min, 170deg 22min, 290deg 4min 
and 243deg 40min respectively. 


In the above stanza, gatva means “having moved” which tells that Aryabhata believed 
in planet moving around sun. Bhaskra (pupil of Aryabhata), in his commentary, says 
that the ascending node and apogee data are shared to Aryabhata and he 
remembered the revolution numbers by continuting of tradition. This means that this 
information shared are older than Aryabhata himself and is shared to them as part of 
their teachings. It is also fact that Joshiya which is part of veda teachings also has 
these data in decrypted form. 


Stanza 10: 


sr erf Tadd IRA BW, 1S US BF TUS | 
BTS -AT-U-GS TU MA-TS-HPo-YT-GUPAMHAT 11 8.80 1 


“The manda( Hal) epicycles of the Moon, the Sun, Mercury, Venus, Mars, Jupiter and 
Saturn are, respectively, 7(), 3(1), 7(), 4(d), 14(c), 7(s$) and 9(8l) each multiplied 
by 4 %; the sighra (211%) epicycles of Saturn, Jupiter, Mars, Venus, Mercury are, 
respectively, 9/1), 16S, 3+13), 53(cil, 3+50), 59(1, 19+40) and 31(@5,18+13) each 
multiplied by 4 V2" 

Stanza 11: 


Tal Ss ua sapo fa Ud ag az | 
UU da Oc BF Saad MASA PAYHeMSA 11 2.28 1 


“The manda(4-al) epicycles of the retrograding planets in the second and fourth 
anomalistic quadrants are, respectively, 5(9S), 28d), 18(a), 8(s) and 13(sSl) each 
multiplied by 4 Ve; and the sighra(2119) epicycles of Saturn, Jupiter, Mars, Venus and 
Mercury are, respectively, 8(sIT), 15(UI), 51 (d«l, 1--50), 57(s9cl, 7--50) and 29(s4, 920) 
each multiplied by 4 Y 3375 (MUST, 5+70+300+3000) is the outermost 
circumference of the terrestrial wind” 
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Above two stanzas are on Manda and Sighra corrections involved in finding 
longitudinal position of planets. We will see in detail when we see on calculating 
position of planets. We will first see what is shared in these stanzas and we will what 
is Manda and Sighra. 


Manda epicycles of planets- Odd quadrant: Sun - 13.5(3 x 4.5) deg, Moon — 31.5(7 x 
4.5)deg, Mars — 63(14x4.5)deg, Mercury — 31.5(7x4.5)deg, Jupiter — 31.5(7x4.5)deg, 
Venus — 18(4x4.5)deg & Saturn — 40.5(9x4.5)deg. 


Sighra epicycles of planets- Odd quadrant: Mars — 238.50(53x4.5)deg, Mercury- 
139.50(31x4.5)deg, Jupiter- 72(16x4.5)deg, Venus- 265.50(59x4.5)deg & Saturn- 
40.50(9x4.5)deg. 


Manda epicycles of planets — Even quadrant Sun - 13.5(3x4.5)deg, Moon- 
31.5(7x4.5)deg, Mars- 63 (14x4.5) deg, Mercury- 31.5(7x4.5)deg, Jupiter- 
31.5(7x4.5)deg, Venus-18(4x4.5)deg & Saturn- 40.5(9x4.5)deg. 


Sighra epicycles of planets- Even quadrant: Mars- 229.50(51x4.5)deg, Mercury- 
130.50(29x4.5)deg, Jupiter- 67.50(15x4.5)deg, Venus- 256.50(57x4.5)deg 8 Saturn — 
36(8x4.5)deg. 


We will see concept of Manda and Sighra epicycle and their role in finding position of 
planets in next post. We will see in details in relevant chapters after completing the 
trigonometric table (sine tables,etc.,) given by Aryabhata and then Ganita pada (for 
calculation basics like multiplication, cube root, square root, etc.,) for understanding 
further calculations. 


Let us see the concept of Manda and Sighra epicycles. Consider Mercury, which is 
closer to Sun than Earth. It revolves around Sun and considering Geocentric concept, 
in our sky mercury also goes around us as Earth is also rotating about itself and about 
Sun. So, to find the position of Mercury with respect to Earth sky position reference, 
we need to two epicyclic paths, with which we can approximately denote the path of 
eccentric elliptical orbit of planets around Earth. However, there are other corrections 
also involved. To understand the basic concept for now, we will keep it to this level. 
As mentioned in my earlier post, we will see the calculation in details and finding the 
position of planets in later chapters. This post is only to explain the concept. Let me 
try to put in simple terms for easy understanding. Try to refer the image references 
given for each point and move onto the next point. 


Refer image1 to understand the concept in simple terms. However, in our case planet 
position p will always be horizontal. 
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Image 2 shows the pulsating epicycle scheme in detail. The epicycle starts out from 
the apogee A (we have already seen that apogee is the farther most point of the planet 
in its elliptic path), where the planet is on the far side at V on the epicycle. At this point 
it is farthest from the Earth(E). As it moves counter clockwise, the epicycle's radius 
contracts till it reaches a minimum at the quadrature C (Rb is lesser as it contracts). 
The planet meanwhile is moving clockwise on the epicycle with an angular velocity 
that is equal to that of the epicycle on the deferent. 


The center of the epicycle moves on the deferent whose parametric equations are: 
X = R cos (a) 

Y = R sin (a) 

Where R is the radius of the deferent. 


As explained earlier, in this scheme, the line joining the center of the epicycle to the 
planet will always remain parallel to the apsidal line or the X axis. Due to this, the Y 
coordinate of the planet will be identical with that of the epicycle center at all times. 
The X coordinate of the planet will be offset from that of the center of the epicycle by 
an amount that equals the radius of the epicycle. But note that unlike the eccentric 
case, the epicycle radius in the pulsating model is not a constant. It varies with position 
(or the anomaly angle a). 
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Denoting the instantaneous radius of the epicycle at any arbitrary angle a as Ra, the 
planetary orbital parametric equation become: 
X = R cos(a) +Ra 
Y = R sin (a) 


As mentioned, had Ra, been a constant (a constant-radius epicycle), the resultant 
planetary orbit would have been an eccentric circle. However, in the present case 
there is a pulsation, which decreases and increases the radius Ra. Now let us see 
method to find Ra. 


Given a mean planet position, the first step in the process is the determination of the 
quadrant sequence number. This number indicates how many quadrants away from 
the apogee the mean planet is located. Having this found the quadrant, the next step 
is to determine the instantaneous epicycle radius at that point in the orbit, for which 
we are first required to establish the base sine. 


Q1- Odd- Part past (arc AB) — Sin angle (AEB) — Sin (a) 

Q2- Even - part to come (arc DP) - Sin angle (PED) — Sin (a) 

Q3 — Odd - part past (arc PF) — Sin angle (FEP) — negative Sin (a) 

Q4- Even- part to come (arc HA) — Sin angle (AEH) — negative Sin (a) 

The final verses for determination of the corrected epicycle dimension are as follows: 


For the single-epicycle scheme (ie. Those for the Sun and Moon), the even epicycle 
is always greater than the odd (ie Ra>Rb). Thus, the result will have to be subtracted 
from the even epicycle to obtain the corrected epicycle. 


In other words, 

Ra = Ra — (Ra-Rb) sin(a) for quadrants Q1 & Q2; ie., 
- Ra - del(r) sin(a) 

Ra = Ra — (Ra-Rb) (-sin(a) for quadrants Q3 & Q4. 
= Ra + del(r ) sin(a) 


Where del(r ) is the difference between the epicycles at the end of the even and odd 
quadrants. 


Based on the Ra equation above, we can find the equation for pulsating epicycle orbit 
of planets as 


X = Rcos(a) — del(r ) sin(a) + Ra for quadrants Q1 & Q2 
X = R cos(a) + del(r ) sin(a) + Ra for quadrant Q3 & Q4 


Y = R sin(a) as it remains parallel to the apsidal axis X. With the above equations, we 
can calculate a planet's actual position in its orbit with respect to its mean anomaly. 
This post in only to show the importance of the next stanza. We will see above in detail 
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later. However, how did Aryabhata found the sine of an angle to calculate as per above 


formula. Let us see that in next stanza. 








2. Interesting thoughts 





Light: 

Light is a very important entity in many field of study. Light or visible light is visible 
to human beings. There are living being which can see waves other than visible light 
also. We see light and its colours because of some interesting works of our eyes. 
We dont know many things what WE(our eyes) do. There are infinite number of 
colours available, like there are infinite numbers between two numbers. Our eyes 
do a remarkable job in identifying the difference between numerous colours. All 
these things happen because of light. As per evolution theory, If our body, what we 
have now is because of our changing needs and for our survival, then why do we 
need to see so many colours? But we need Energy. 

Visible light falls under a range of wavelength which also has different colours in 
different wavelength. Combination of colour(waves of different wavelength) will lead 
to many other colours like white, purple, etc., 

Any object we see, are because of the light reflected by them.Our eye has a lens 
which detects light, controls the amount and focus the light onto a small portion 
called cone cells. These cells will identify the colour and gives signal to brain. 

We know how light looks for human eyes. But what is this light? 

Lights are wave of photons. Photons are small packets of energy. These packets 
travel at measurable speed which is very fast that as per Einstein, no particle can 
travel faster than light. 

If objects can absorb some portion(wavelength) of light, may be because it is good 
for them or they need them, others are reflected back. So that means they actually 
take those packets of Energy and reflect some back.Objects can also generate light 
by releasing energy by heat and by chemical reaction. Whether the velocity of light 
is always universal? If something has enough attractive power to pull the light back 
then it means that emitted light is moving away from it, slowed down,stopped and 
then pulled back towards it. So can speed of light change if such object exists? If an 
object travels faster than light and moving away from us, then can we see them? If 
such object exists then we will observe like they disappeared as we cant see the 
light emitted or reflected by them. Light if travels as a whole in speed of light and 
photons moved in wave form then can photon which need to travel is wave form is 
moving faster than speed of light? Can photons collide with each other? What 
happens when they collide? Can medium on which light travels slow down their 
speed? 

Light, energy packets, are source of any transaction among objects. There are living 
being which absorb more energy from Sun light than the other. Black people absorb 
more energy from Sun. They are comparitively more healthier than White shin 
people.Hence, white skin is a deficiency as they are unable to absord enough 
energy from Sun light. There are some plants which feed only on light like Spirulina. 
It takes more energy from Sun compared to other plants.Coming to bigger picture, 
any chemical elements and its properties depend on the electrons in its and 
interaction of electrons between other elements. Photons can free an electron to 
make them move around and electrons can also reverse by releasing photons.Such 
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small packets of energy has potency in creation of universe, has tejas, has enough 
strength to move in its path and to control anything in the universe. Can photons be 
the means by which Brahmam controls the Universe? 

Can there be something within photon which is doing this?Such a beautiful web of 
so many entities connected by these packets of energy passing between them. 
Science named it Universe. 

Light, ultimately drives many basic principles in life structure, medicine, physics, 
chemistry and anything which we see and we cant see.So, everything what we see 
is controlled by the Supreme Brahmam and everything that exist are part of our 
beautiful Universe which is the body of supreme Brahmam. Answer to the question, 
can we see Brahmam? We can see him everywhere if we open our eyes. 

Stanza 12: 


añ ya ma ua UR a su qu rte (901 gue» fe» | 
valo (97 791 Ud oa S g ga R AOS 11 2.22 1 


“225(URG, 25+200), 224(URG, 24+200), 222(1Rg, 22+200), 219UR9, 19+200), 
215(URS, 15+200), 210(21@,10+200), 205(STE 5+200), 198%. 100+90+9), 
191(WBÍP, 90+1+100), 183(Íbw7 100+80+3), 174(281%, 70+4+100), 164(fere, 
100-4460), 154(&]Íd, 44504100), 143(ÍD3, 10044043), 131(893, 10041430), 
119(8/fo 194100), 106(Íd*d, 100+6), 93(P7, 90+3), 79(F, 9+70), 65(F7, 5+60), 
51(*T7, 1450), 37(47, 21+16), 22(%,22) & 7(,7) - these are the Rsine-differences in 
terms of minutes of arc” 




















Aryabhata is the first person in history to give Rsine values. He has also shared 
method of calculating the same in later chapters. 


Here there are 24 values of Rsine-differences. Considering these values are for 
90deg, then each values are given for the interval of 90/24=3.75deg, which is 
225min(matching the first value). 


Rsine values can be calculated by the adding with the next as 225, 449, 671, 890, 
1105, 1315, 1520, 1719, 1910, 2093, 2257, 2431, 2585, 2728, 2859, 2978, 3084, 
3177, 3256, 3321, 3372, 3409, 3431, 3438. 


Rsine values with relevant angles (given inside bracket) are as 225(3.75deg), 
449(7.5deg), 671(11.25deg), 890(15deg), 1105(18.75deg), 1315(22.5deg), 
1520(26.25deg), 1719(30deg), 1910(33.75deg), 2093(37.5deg), 2257(41.25deg), 
2431(45deg), 2585(48.75deg), 2728(52.5deg), 2859(56.25deg), 2978(60deg), 
3084(63.75deg), 3177(67.5deg), 3256(71.25deg), 3321(75deg), 3372(78.75deg), 
3409(82.5deg), 3431(86.25deg), 3438(90deg). 


We know that Sin(90deg) is one so dividing a factor of 3438 in above values will give 
Sine values. Let us compare the results. Modern value is mentioned inside brackets. 


Sin(0) = 0(0); Sin(3.75) = 225/3438=0.0654(0.0654); Sin(7.5) = 0.1305(0.1305); 
Sin(11.25) -  0.1951(0.19509); Sin(15) = 0.2588(0.2588); Sin(18.75) 

0.3214(0.3214); Sin(22.5) = 0.3824(0.3826); Sin(26.25) = 0.4421(0.4422); Sin(30) = 
0.5(0.5); Sin(33.75) = 0.5555(0.5555); Sin(37.5) = 0.6087(0.6087); Sin(41.25) = 
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0.6564(0.6593); Sin(45) = 0.7070(0.7071); Sin(48.75) = 0.7518(0.7518); Sin(52.5) = 
0.7934(0.7933); Sin(56.25) = 0.8315(0.8314); Sin(60) = 0.8662(0.8660); Sin(63.75) = 
0.8970(0.8968); Sin(67.5) = 0.9240(0.9238); Sin(71.25) = 0.9470(0.9469); Sin(75) = 
0.9659(0.9659); Sin(78.75) = 0.9808(0.9807); Sin(82.5) = 0.9915(0.9914);Sin(86.25) 
= 0.9979(0.9978):Sin(90) = 1(1). 


It is interesting to see how these values are given by Aryabhata in terms of Whole 
numbers instead of sharing in decimal places. 


Stanza 13: 

ido RARA HOS MAT! 

yema Rya a fA firear us smt 113.33 11 

"Knowing this Dasagithika Sutra, the motion of the Earth and the planets, on the 


Celestial Sphere, one attains the Supreme Brahman after piercing through the orbits 
of the planets and stars" 


Here Dasagithika refers to 2 to 11 stanzas. First is Mangalacharanam & 12 is on Sine 
table which are approximation values. 


In this stanza, Aryabhata refers to the path of Moksha (reaching the Supreme 
Brahmam) which is after piercing through the orbits of the Planets and stars. As per 
Sri Mahabharata verses santi 254.18,19,20 addressing the Supreme Brahmam states 
that after exhaustion of punya and papa, those who start their journey to Vishnu loka 
pass through Sun to attain the feets of Lord Sriman Narayana. There are verses in 
Upanishads also on this referring the path is through Orbits of planets and through 
Sun. 


With this Chapter III, Githika pada is over. 
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8. Do you know? 

















PANINI - The father of linguistics and grammer 


UE 
1 





























Panini 
Rishi 


Panini (4th century BCE or “6th to Sth century BCE") was an ancient 
grammarian, and a revered scholar in ancient India. Considered the 
father of linguistics, Panini likely lived in the northwest Indian sub- 
continent during the Mahajanapada era. 


Panini is known for his text Ashtadhyayi, a sutra-style treatise on 
Sanskrit grammar,3,959 "verses" or rules on linguistics syntax and 
semantics "eight chapters" which is the foundational text of the 
Vyakarana branch of the Vedanga. 


His formalization of language seems to have been influential in the 
formalization of dance and music by Bharata Muni. His ideas in- 
fluenced and attracted commentaries from scholars of other Indian 
religions such as Buddhism. 
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10. Do you know? 





4 : 
E MAHARISHI PATANJALI 
we AUTHOR OF THE YOG SUTRA 

De ori eine om Ashen 


pn le 


11. Do you know? 


Maharishi Patanjali is a saint who 
is believed to have lived some time 
during the 2nd century BCE. Known 


Koi Mola CeT Ee 
| iT Yoga Sutra , hå was not | 
A Rod 

Yoga. but was also a scientist and a 
doctór whose clarity and wisdom was 
remarkable. 
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Chapter IV. Ganita Pada 
Stanza 1: 


srat-gp-SIfST-qer-3p]-xfa- gps Te -e|UT-AITUTT-] AAPL | 
amiueftafag faf qom snaked MAA 112.3 1 


“Having bowed with reverence to Supreme Brahmam, Earth, Moon, Mercury, Venus, 
Sun, Mars, Jupiter, Saturn and the Asterisms, Aryabhata sets forth here the knowledge 
honoured at Kusumapura” 


Kusumapura is Patliputra (Patna). 


Stanza 2: 
Uc GX d Sd d wed eng Mya aul waa | 
elfe sag FT Gd VIMAR GIT atq 113.3 1! 


“Eka (U@), dasa (42), sata (31d), sahasra (WG), ayuta (Yq), niyuta (774d), prayuta 
(JTA), koti (PÍO, arbuda ( Jia), and vrnda (33) are, respectively, from place to 
place, each ten times(@777) the preceding” 


That means, Eka is units place, dasa is tens place, sata is hundreds place, sahasra is 
thousands place, ayuta is ten thousands place, niyuta is hundred thousands place, 
prayuta is millions place, koti is ten millions place, arbuda is hundred millions place, 
and vrnda is thousand millions place. This is simple, normay way of representing 
power of number when we write. As Einstein once said counting numbers started from 
India. 


Stanza 3: 
PRAT «a esr gae dia I 
AE ARA ETA SIT 1 3.3 11 


"An equilateral quadrilateral with equal diagonals and also the area thereof are called 
"Square". The product of two equal quantities is also square. The continued product 
of three equals as also the solid having twelve edges is called a “Cube” 


"Samacaturasra' indicates that four sided figure whose sides are equal to one another 
and whose diagonals are also equal to each other is called a samacaturasra. 


By defining a square as the product of two equal quantities Arybhata has stated the 
rule of squaring. That is, to find the square of a number, one should multiply SiaT«]) 
that number by itself. 


The rule of cubing a number is implied as in the squaring case which is continued 
product of three equal quantities as in Solid having 12 edges "Cube". 
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Stanza 4: 


qui Rata fon aaa | 
aiat UL Tel WAAR AA 11208 11 


“Always divide the even place by twice the square root. Then having subtracted the 
square from the odd place, set down the quotient at the next place. This is the Square 
root.” 


We will take an example, Square root of 55225. 


Odd places can be subtracted by greatest possible square closer to it & then for even 
places by twice the square root. Odd and even places are below: 


oeoeo 
55225 


We will represent line of square root(answer) as LSR & Dividing number as DN. First 
odd place number is 5(o), closest greatest square is 4(square of 2). Subtract 4 in 5 
and write square root of 4, i.e. 2 in LSR and reminder as1. 


Reminder with even number, which 1 & 5(e) makes 15. Divide this by the twice the 
LSR, i.e., 15/(2x2) = 15/4 = quotient 3 reminder 3. Write quotient in LSR next to the 
number present (2) as 23. 


Reminder with odd number, which is 3 € 2(0) makes 32. Now subtract the square of 
the last quotient as 32 — 3 x 3 = 32 -9 - 23. Place the next even number (2) with this 
as 232. Now divide by twice the LSR i.e., 232/ (23x2) = 232/ 46 = quotient 5 reminder 
2. Write quotient in LSR next to the number present (23) as 235. 


Reminder with odd number, which is 2 4 5(0) makes 25. Subtract the square of the 
quotient, 25 — 5x5 = 25-25 = 0. 


Process ends. The square root is the number available in LSR which is 235. So square 
root of 55225 is 235. Reminder is zero so exact square. 


This applies even to fraction square roots. If let us say the number is 55226 instead of 
55225. Then reminder will be 1 at the end then next process is to take twice the LSR 
which is 470 (235 x 2) and divide it in reminder as we did before. That will give 1/470 


as fraction. So Square root of 55226 is 235 2i 


470° 


This also means that there are 470 unit place numbers in between the next square 
number from 55225. Square of 236 is 55696. 55696 (236 x 236) — 55225 (235 x 235) 
= 471. 


236 x 2 makes 472. So, there are 472 unit place numbers available between 236 x 
236 & 237 x 237. i.e., 56169 (237 x 237) — 55696 (236 x 236) = 473. Now you can see 
the relation in square numbers. Try and find relation for square of even set of numbers 
like 22, 56, 2345, etc... 


This is the logic used by Aryabhata and we are following the same logic even now in 
our school mathematics. 
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Stanza 5: 


aria Hold facla AI ul Aerator | 
aS AGAMA RAS WATS Wen 113.5 1 


“Divide the second non-cube place by thrice the square of the cube root; subtract from 
the first non-cube place the square of the quotient multiplied by thrice the previous and 
the cube from the cube place” 


First let us see what is cube place and non-non cube place. Beginning from the unit 


place, cube places are notated as ‘c’, first non-cube as ‘n’ 4 second non-cube as 'n”. 
Number is to be coded as 


cn'ncn'ncn'ncn'ncn'nc. 
Let us take an example: Cube root of 1771561 


Denote the places as 1(c),7(n),7(n),1(c),5(n'),6(n),1(c) 


First subtract the greatest close cube with cube place, i.e., 1(c) — cube of 1 = reminder 
0. LSR is 1. 


Then divide the second non-cube by thrice the square of the cube root, i.e., divide 07 
by 3 x (square of (1)(LSR)) = 7/3 2 quotient 2 reminder 1. Write quotient in LSR as 12. 


Combine reminder with next number (first non-cube number) as 17. Subtract from the 
first non-cube number place the square of the quotient multiplied by thrice the 
previous, i.e., Subtract 3 x 1 x square of (2) from 17 = 17 — 3x1x4 = 17-12 = reminder 
5. 


Combine the reminder with cube place number as 51. Now continue the cycle. 
51 — 8 (cube of (2)) = reminder 43. 
Combine with next, 435. 


Divide by 3x square of (12) as 435/ (3x144) = 435/432 = quotient 1 reminder 3. LSR = 
121. 


Combine with next number as 36. 

Subtract 3 x 12 x square of (1), 36 — 36 = reminder 0. 
Combine with next number as 01. 

Subtract cube of (1) as 1 — 1 = reminder 0. 


So, cube root of 1771561 is 121. Exact cube. Let us take two more example for 
fraction. 


Second example: Cube root of 12977875 
Denote the places as 1(n),2(c),9(n'),7 (n),7(c),8(n'),7 (n),5(c). 
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First subtract the greatest close cube till the cube place, i.e., 12 — 8 (cube of (2)) = 
reminder 4. LSR is 2. 


Combine the reminder with next number as 49. 


Then divide the second non-cube by thrice the square of the cube root, i.e., divide 49 
by 3 x (square of (2) (LSR)) = 49/12 = quotient 3 reminder 13. Here, note that we have 
kept 13 as reminder, this is done to avoid negative number as reminder in further 
steps. Write quotient in LSR as 23. 


Combine reminder with next number (first non-cube number) as 137. Subtract from 
the first non-cube number place the square of the quotient multiplied by thrice the 
previous, i.e., Subtract 3 x 2 x square of (3) from 137 = 137 — 3x2x9 = 137-54 = 
reminder 83. Note that if in previous step, if we have taken 1 as reminder then we have 
to subtract 54 in 17 which will give negative number as reminder. 


Combine the reminder with cube place number as 837. Now continue the cycle. 
837 — 27 (cube of (3)) = reminder 810. 
Combine with next, 8108. 


Divide by 3x square of (23) as 8108/ (3x529) = 8108/1587 = quotient 5 reminder 173. 
LSR = 235. 


Combine with next number as 1737. 

Subtract 3 x 23 x square of (5), 1737 — 1725 = reminder 12. 
Combine with next number as 125. 

Subtract cube of (5) as 125 — 125 = reminder 0. 


So, cube root of 12977875 is 235. Exact cube. Let us take an example for fraction. 


Third example: Cube root of 12977885. 


| have taken a number with ten added to our earlier example. So, we will repeat few 
steps after LSR as 235 to see the difference in finding the answer. | have underlined 
the difference. 


Divide by 3x square of (23) as 8108/ (3x529) = 8108/1587 = quotient 5 reminder 173. 
LSR = 235. 


Combine with next number as 1738. 

Subtract 3 x 23 x square of (5), 1738 — 1725 = reminder 13. 
Combine with next number as 135. 

Subtract cube of (b) as 135 — 125 = reminder 10. 


We have a reminder so it is not an exact cube. So, to find the fractional portion. Go for 
the next step, which for second non-cube number,i.e, divide the second non-cube by 
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thrice the square of the cube root, which is 3 x square of (235) = 165675. So the 
fractional part is 10/165675. 


So, cube root of 12977885 is 235. Remember fractions are always better than 


approximate values represented in decimal places. 


Stanza 6: 


BY weigh raya ARE | 
vedueraquiai ar ign ARE 112.8 11 


“The product of the perpendicular (dropped from the vertex on the base, ACA) 
and half the base gives the measure of the area of a triangle(PARTR). Half (not 
correct, should be one third) the product of that area (of the triangular base) and the 
height is the volume of a six-edged solid” 


Second half translation provided is not exact as there are no commentary available on 
the second half by Pupils of Aryabhata, Bhaskara, Somesvara and Suryadeva as it 
may have some error by Aryabhata or not captured properly in written form. However, 
| have shared Volume of cone or pyramid with Brahmagupta shared. 


First line is on Area of a triangle. qual (Samadalakoti) means “perpendicular 
dropped from the vertex on the base of a triangle” (altitude of a triangle). Pa 
(phalaSariram) means “the measure or amount of the area”. 


Area of a triangle = Altitude of a triangle (h) x (1/2) x base of a triangle (b) 
= (1/2) x b x h (a known to us) 


From this formula, other forms of the above formula like all sides (a, b, c) known, two 
sides and one angle known, etc., can be derived. 


Second line, Volume of cone or pyramid as given by Brahmagupta is 


Volume of cone or pyramid = (1/3) x Area of base x height. 
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12. Do you know? 

















Electricity 
ESTs 
aora: Ma | 
ATRAÍA TAG vana vaa | 
aed area Pree Ta t (e fa) 


MOTA 37 3E TET 8 CSI. SE MAGA 
HSA a Peal SF | Fa MY THT BTS Fl zr 8, FETE 


WEN Fe TG 


Artificial Gold or Silver plating on 
copper plate can be done by 
using this battery. When plated 
with gold it is called as 
Shatkumbh. 





38 Af mrt zr arm 
Td veri duri Som TR: à 


Agasti decomposed water by using 

his battery and observed that 

Pran(O,) and Udan (H,) 

were produced in ratio of 1:2 by volume 


armar (ag rmm 
aM: aere frustra 1i trn fen mr m 


Udan was filled in balloon to fly it in 
air and Chanakya recommended 
to use it to escape from an enemy 
camp. 

















12. Do you know? 




















- 
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13. Do you know? 
Laws of motion 


Newton vs Rishi Kanad 


affer ds fara ef mme a fer 
ar dr AS aga REA A 





16th Century AD 


1) First Law of Motion - 
Kanad : Aa1: fafdrafa ura DUNA rA 
Newton: The change of motion is due to impressed force 


2) Second Law of Motion - 

Kanad AM daga año stra forafecep RI LiL Sg 
Newton: The change of motion is proportional to the motive force 
impressed and is made in the direction of the right line in which the force 
is impressed 


3) Third Law of Motion - e, 
Kanad : A: AMAYA A 
Newton: To every action there is always an equal and opposite reaction 
ull d 














14. Do you know? 





CHARAK:  Cřarak js called 
the father of ayurvedic medicine 
His Charak Samhita is a 
m book on 


Qon t it fascinating 
refi fia 


back, medical science 


was at such an advanced 
stage in India. 
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Stanza 7: 
waoRuTSe AS fa fed ua gaT | 
aora dd amara ARIAS 13.6 I1 


“Half of the circumference, multiplied by the semi-diameter certainly gives the area of 
a circle. That area multiplied by its own square root gives the exact volume of a sphere” 


In this stanza, area of circle and volume of sphere formulae are shared. 


Area of circle is Half the circumference multiplied by the half diameter (radius) gives 
the area of a circle. i.e. 


Area of circle = (1/2) x circumference x radius 


Also, as circumference calculation involves pi value, Aryabhata has shared a 
reference circle values to calculate approximate pi value. Eventhough, value upto 32 
decimal and series formulae are available in Upanishad and Katapayadi system, 
Aryabhata shared an approximate value with whole numbers which can be used for 
our calculations. 


Volume of sphere shared here is not exact as mentioned. However, can be applied if 
any equivalent volume of cube with area of face is known. This can be similar to finite 
element approximation technique which we will see in plane figures formula. 


Bhaskara II shared exact and approximate formula for volume of sphere as below 
Accurate formula, 

Volume of Sphere = (1/6) x surface area x diameter 

Approximate formula, 


Volume of sphere = (diameter x diameter) x (1/2) x (1 + 1/21). In this formula value of 
pi is considered as 22/7. 


Stanza 8: 


amarmqur ursi deed xaurdena | 
fahr ARO RU AAA Smama 10 3.£ 0I 


"Multiply the base and the face by the height, and divide by the sum of the base and 
the face; the results are the lengths of the perpendiculars on the base and the face. 
The results obtained by multiplying half the sum of the base and the face by the height 
is to be known as the area” 


Here the stanza is on area of a Trapezium. 
Let a be the bottom base length, b be the top face length & p be the height. 


Term Sarl means height of the trapezium. Term IAWR means length & fana 
eror means half the sum of the base and the face. 


Area of Trapezium = (1/2) x (sum of base and face) x height 
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= (1/2) x (a+b) xp 
Stanza 9: 


gai Sari Wares Ue tet TAIT | 
URI UU fa sil4 ST qeur 113.3 11 
“In the case of all the plane figures, one should determine the adjacent sides (of 


rectangles after transformation) and find the area by taking their products. The chord 
of one-sixth of the circumference of a circle is equal to the radius” 


First line is on finding the area of any plane figure, by dividing them into multiple 
rectangles and finding the area of those rectangle and adding them to get the area of 
plane figure or by converting the plane figure into equivalent rectangle and then 
calculating the area. 


Second line is on chord length of one sixth of the circumference. If we divide a circle 
of 360deg circumference by 6. The result angle for the chord is 360/6 = 60deg. Arms 
of the sector circle will be same as radius. Drawing a chord will make a triangle with 
chord, radius, radius as the sides of triangle. As the angle between the equal sides is 
60degree. It will make an equilateral triangle. So, chord length will be same as radius. 


Chord 60deg of circle = Radius 

Which also, means R x sin 30 = R/2. 

Stanza 10: 

ARS Rd AVY RAT EAU | 
3d ada RARA UREA 112.20 11 


“100 plus 4, multiplied by 8, and added to 62000. This is the nearly approximate 
measure of the circumference of a circle whose diameter is 20000” 


This stanza gives approximate value of rr(pi). 


(100 +4) x 8 + 62000 = 62832. So, 62832 is approximate circumference of circle with 
diameter 20000. 


We are using Tr (pi) to represent this factor which is given by Aryabhata as 
62832/20000 = 3.1416. This value does not occur in any earlier work (outside India) 
on Mathematics and forms an important contribution of Aryabhata. It is noteworthy that 
Aryabhata has called the above value approximate. 


Some special notes from various other sources of TT (pi) shared using Katapayadi code 
system in other slokas. 


Karana paddhati, written in the 15th century, has the following $loka for the value of pi 


(Tr) 
GOMMMaMomMmMmMammM naws- 
MAINMIUDINA>HAIAICHMO8 
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al6MWIOWUA)AMBIWANAJIGÍINIINNER- 
USIDMUMBBRVO (MICADEANAs USO) 
Transliteration 

anünanünnanananunnanityai 
ssmahatascakra kalavibhaktoh 
candamsucandradhamakumbhipalair 
vyasastadarddham tribhamaurvika syat 


It gives the circumference of a circle of diameter, anünanünnanananunnanityai 
(10,000,000,000) as candamsucandradhamakumbhipalair (31415926536). 


Sankara varman's Sadratnamala uses the Katapayadi system. A famous verse found 
in Sad:ratna:maála is 


RENGA E Y quart: 
bhadrambuddhisiddhajanmaganitasraddhá sma yad bhūpagīh 


Splitting the consonants & giving values as per katapayadi code system,reversing the 
digits to modern-day usage of descending order of decimal places, we get 
314159265358979324 which is the value of pi (rr) to 17 decimal places, except the 
last digit might be rounded off to 4. 


This verse encrypts the value of pi (tr) up to 31 decimal places. 
TTG TH RTHSSITGT- ff 8 STE FITÉSERT 
gamfdduldd TATTARER ll 


This verse directly yields the decimal equivalent of pi divided by 10: pi/10 = 
0.31415926535897932384626433832792 


Surprising isn't? It will be more surprising if we really find the purpose of these terms 
shared with this much accuracy. | will come back to Aryabhatiya. 


Stanza 11: 


waqwauhsfüure fora Ayora agusto ua | 
PATS ía q ua Sd Y ZETA 112.28 11 


“Divide a quadrant of the circumference of a circle. Then from triangles and 
quadrilaterals, one can find as many Rsines of equal arcs as one likes, for any given 
radius” 


This is about find Rsine values as mentioned in Gitika pada. We will take as example 
to for this. To compare the results with Gitika pada, we will take circle with radius 3438. 
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We know that in Gitika pada (12' stanza), Aryabhata gave 24 Rsine values. This 
stanza explains the way for finding it. Method can be continued to any level if further 


smaller Rsine values are required. 





First, divide a quadrant of the circumference of a circle. Let us divide into 12 divisions 
as in image. Then join LB to form a chord. Remember, in Ganita pada stanza 9, 
Aryabhata has shared Chord length of one-sixth of circumference which is equal to 
radius. LB is one-sixth of the circumference. So, we get first Rsine value. (Rsine in a 
right-angle triangle inscribed inside a circle with hypotenuse R is equal to opposite 


side of the angle) 
1. RSine(angle( BOM)) = MB 
= LB/2 
= 3438/2 
= 1719 
So, RSine30 - 1719. 
2. RSine(angle(MBO)) = OM 
- Sqrt(R^2 — (R/2)^2) 
= R x sqrt(1-1/4) 
= sqrt(3) x R/2 
= 2978 (approx..) 
So, Rsine60 = 2978. 
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AR ab ab ab ab ob ab 2b 





3. Refer image, generate a chord for 30deg which is AB. N is the midpoint of AB. 


So, Chord 30 = RSine15 = AB/2 or AN. 
AN - (Sqrt(AM^2-MB^2) )/2 
AM = OA - OM 

= 3438 — 2978 

= 460 (approx..) 
MB = 1719 
AN = (sqrt(460x460 + 1719x1719))/2 

= 890 (approx..) 

So, RSine15 = 890. 
4. RSine(angle(OAN)) = RSine75 = ON 
ON - sqrt((OA^2-AN^2)) 

= sqrt(3438x3438 — 890x890) 
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= 3321 (approx..) 
5. Construct semisquare OAD. Here, Chord 90 is AD. Refer image. 
Chord 90 = Rsine45 = AD. 
AD - sqrt(OA^2-OD"^2) 
= Sqrt(3438x3438+3438x3438) 
= 2431 
So, RSine45 = 2431 (approx..) 


So, we have RSine15 = 890; RSine30 = 1719; RSine45=2431; RSine60=2978; 
RSine75=3321; 


6. Now, Chord 180 = Diameter of the circle. Half of this is RSin90. So, 
RSine90=3438. 


7.Extend line ON to make Chord AR with angle ROA, 15deg. Refer image. 
Chord length 15deg = AR 

So, RSine7.5 = AR/2 

AR = sqrt(AN’2+NR°’2) 

NR = OR — ON = R - Rsin75 (note the way of representing) 

= 3438 — 3321 

= 117. 


AN = RSine15 = 890 (refer previous post) 
AR - Sqrt(NR^2 « (RSine15)^2) 
AR - Sqrt((R-RSin75)^2« (RSine15)^2) 
2 x RSine7.5 2 Sqrt((R-RSine75)^24(RSine15)^2) 
So formula is, 2 x RSine(A) 2 Sqrt(((R-RSine(90-2A))^2« (RSine(2A))^2 
For, 2xRSine7.5 2 Sqrt((3438-3321)^24-890^2) 
- 898 
So, RSine7.5 = 449 (approx..) 


8. Mark the mid-point of AR as S and join OS. Now in right angle triangle OSA. 
RSine(angle(SAO)) = RSine82.5 = OS 
OS - Sqrt(OA^2-AS^2) 
- Sqrt(R^2 — (RSine7.5)^2), refer AR above. 
So formula is, RSine(A) 2 Sart(R^2 — (RSine(90-A)^2 
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RSine82.5 = Sqrt(3438"2 — 44912) 
= 3409 (approx.) 
These above two formulae can be used to find any level of RSine values. 


You it to find other RSine values shared by Aryabhatiya. It can be noted that 
Aryabhatiya shared approximate values of RSine, however, he has shared method of 
calculating square root in fraction, which can be used to calculate exact values. 


Stanza 12: 
Tuas ud safüsd fádlu er | 
dq YY SAMARAS AO 112.28 11 


“The first Rsine divided by itself and then diminished by the quotient gives the second 
Rsine-difference. The same first Rssine diminished by the quotients obtained by 
dividing each of the preceding Rsines by the first Rsine gives the remaining Rsine- 
differences.” 


This is derivation of RSine-differences. As we have seen in Gitika Pada that Aryabhata 
has shared RSine-difference from which we found RSine values. Now in this stanza, 
we will see the concept of RSine-differences. 


As we have seen formulae in earlier stanza that, 
2 x RSine(A) 2» Sqrt(((R-RSine(90-2A))^2 (RSine(2A))^2) 
RSine(A) 2 Sqrt(R^2 — (RSine(90-A)^2) 


We will take all 24 RSines as R1, R2, R3...R24 & their differences as D1(R1 itself), 
D2, D3...D24. Then the formula is, 


D(n+1) = Dn - (Rn/R1) x (D1-D2) 


To arrive at approximate values, Aryabhata considered D1-D2 as 1 (225-224). 








3. Interesting thoughts 
Science operates on assumptions that natural causes explain natural phenomena, 
that evidence from natural world can inform us about those causes, and that these 
causes are consistent.In physics, an assumption is a statement that is accepted as 
truth without logical reasoning. It will not attract questions about rational behind it. 
However, all further reasoning should be based on it.Understanding the 
assumptions are very important as any of your further claims should be clear thought 
of considering the assumptions made and without violating them. Any claim is valid 
with those assumptions. Any change in assumption may change the claim.Example: 
E=m*(c’2). Following are the assumptions made and equation is valid only with 
these assumptions. 

1. Galilean and Newtonian mechanics. 

2. Galilean relativity and frame of reference. 

3. Conservation of energy. 
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4. Conservation of momentum. 

5. Speed of light is universal 

Question these assumptions to understand the correct meaning and purpose of 
claims made. 

Why didnt we question the assumption made by Einstein that speed of light is 
universal? 

Light travels with photons combined together in neutral form. If a neutral photon can 
travel at speed Of light, why cant a negative or positive charge particle accelerated 
in a medium covered with it's own charge polarity accelerated by opposite medium 
travel faster than photons? 

If we throw a ball upwards with a initial velocity less than escape velocity, the ball 
reaches to Height, velocity becomes zero and turn back downwards to reach 
surface. It will touch the ground with velocity faster or slower than initial velocity 
depending on the height of its return travel. In a black holes, light leaves and pulled 
inside. So why cant photons in light Follow the same change? Why speed of light is 
universal? 
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16. Do you know? 





Madhava's Contribution: 


Madhava derived the following series for the computation of 7: 





Madhava series for 7 


S cu 
3 


=1- = 
7 


T 1 
4 5 
m The series is known as the Gregory series. 


m lts discovery has been attributed to Gottfried Wilhelm Leibniz 
(1646 - 1716) and James Gregory (1638 1675). 


m [he series was known in Kerala more than two centuries 
before its European discovers were born. 


Using this series and several correction terms Madhava computed 
the following value for 7: 


m = 3.1415926535922. 
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17. Do you know? 

























E "ETE RE qe ah 
"afl sf) a sh eft ies T C ww 


MARS SHUSHRUT 
(Period: 1500 BC) 
open FOUNDING F FATHER OF SURGERY 
Medical Science of Su Shatin at cae erri 


father of this important branch vm Ís considered to be tho founding 
3 completely heaitny y person. 
cepted 












. As ME — ABRES 
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5.Dantashanku shastra 
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4. Interesting thoughts 





Simple and interesting question. Can the term Birth be defined in scientific terms? 
Let us say, total mass of Universe is constant and energy in universe is also same. 
Birth must be the point at which the Universe starts expanding. Expansion term can 
raise a question about into Where it expands. You need space to expand. How much 
it can expand to comes the limits of space? Let us keep the term as growth instead 
of expansion. So, we can say that the point of time when universe starts growing is 
its birth and our measurable time cycle starts there. What happens with us? What 
is our birth? Mass of universe is constant. Our body weight must have existed in 
some form in Universe. When did we start growing from the smallest form possible? 
As per science, It is not that the smallest form suddenly started in Earth. It can be 
ever existing but started growing when the situation in Earth started supporting its 
growth. 

Again to the universe, something is out of reach to science that it is so big, so small 
at the same time and out of our measurable time limits. 

Let us say, the shape and size Of the universe takes a particular exact form during 
the birth or end of life cycle. If same situation exists during each birth, then growth 
of the universe has to the same every time as there are no known external factors. 
So, the life we live in our current body now should have Been there in each lifecycle 
of universe. Are we living the same life in this body which we did in our earlier life of 
universe? 

If Universe doesnt take the same form and size during every birth then there should 
be an external variable outside universe for that change? 




















Stanza 13: 


od wa mad xr qui x eum | 
TA GT PAYA oed eris Ud 113.23 |I 


"A circle should be constructed by means of a pair of compasses; a triangle and a 
quadrilateral by means of the two hypotenuses ( gut karna). The level of ground 


should be tested by means of water; and vertically by means of a plumb" 


Constructing a circle, triangle and quadrilateral are as seen in our school geometry. 
However, note the origin of such education. It was there even during Aryabhatiya days. 


It is clear that gravity is used here to obtain verticality. Due to gravity & the guna of 
water is to flow to the lower side, horizontal (which is perpendicular to vertical line) can 


be obtained. 


When there is no wind, place a jar of water upon a tripod on the ground which has 
been made plane by means of eye or thread, and bore a fine hole at the bottom of the 
jar so that water may have continuous flow. Where the water falling on the ground 
spreads in a circle, there the ground is in perfect level; where the water accumulates 
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after departing from the circle of water, there it is low; and where the water does not 
reach, there it is high. 


Stanza 14: 


ashaarorat Sarat Fad Pear | 
qua aa fa a MAGA 11 2.8¥ I 


“Add the square of the height of the gnomon to the square of its shadow. The square 
root of that sum is the semi diameter of the circle of drawn with the length between 


shadow and tip of gnomon (svavrtta, <add)” 


Gnomon means as object placed vertically, used for measuring the hours of the day 
using Sun’s light. Now, it is obvious that vertical line (Gnomon) and the shadow will 
form a right-angle triangle. Here the hypotenuse formula is given here by the other two 
sides. It is essential to understand. 


Hypotenuse^2 - Height of gnomon^2-Height of the shadow^2. (refer first image) 





Height here is length of the shadow. It is important to note that Aryabhata has also 
shared the formula for calculating the data shared by him. He has shared the Radius 
of Earth. This is stanze is important to understand how he calculated it. Earlier, we 
have seen Sine function in term of radius of circle with is Rsine. Here to calculated the 
Sine valve from right- angled triangle, we have to consider hypotenuse as radius(R). 
Why it is related to shadow of any object? 


Let us consider, there are two temples or tall towers, which are constructed ‘L’ distance 
apart (refer second image). Both temples have pointed tip (kumbha) & near the first 
temple tip on top, a person is standing. At the next temple, a person is standing below 
the temple. There is one more person in the scene which | will tell later. Now, when 
the Sun is exactly on top of the first temple (equinox. point), no shadow can be seen 
of the temple. Remember, temples are broad so seen no shadow is difficult as it can 
fall over it as well. But can be seen for the kumbha by the person standing close to it. 
Now, at the same time, second person marks the point of the shadow tip on the 
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ground. Measure the distance (H) between the shadow tip and center of the temple & 
length (R) between kumbha tip and the marked point. Using R & H Sun’s declination 
at second temple can be found. 


Sun’s declination = Asin(H/R) 


Using Sun’s declination & distance between temple (L ), Radius of Earth can be 
found. 


Radius of Earth = L/ Sun’s declination. 


Why is a third person required? How will the second person at may around 3km away 
in second temple, that it is time for him to mark? Third person will ring temple bell of 
first temple when the person on top tell him it is time. Temple bells are loud enough to 
travel distances. 


Stanza 15: 


asi SRA UREA 112.24 11 


“Multiply the distance between the gnomon and the lamp post (horizontal distance 
between the source of light and gnomon) by the height of the gnomon and divide by 
the difference between the heights of the lamp post and the gnomon. The quotient 
should be known as the length of the shadow measured from the foot of the gnomon” 


This stanza is for explaining similar triangles and its relation to shadow and light 
source. 


In nature, light source is from Sun. In our last stanza, we saw how to calculate the 
radius of Earth. Now let us see the relation between radius of Earth, Shadow length 
and Distance between Earth and Sun. 





Refer image. Let us consider a lamp post first which is installed at point B on ground 
and lamp at top is at point A. So, height of the light source is AB. Let us take gnomon 
vertically installed at point D and its tip as point C. Height of the gnomon is CD. Now, 
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join BD and extend the line further till it intersects with the line made by point A & C. 
Let this intersecting point be E (tip of the shadow). So, we have three triangles, ABE, 
AFC 8 CDE. 


All these three mentioned triangles are similar triangles. So, as the formula given by 
Aryabhata 


Length of the shadow = Distance between the gnomon & light source x height of the 
gnomon / (height of the light source — height of the gnomon) 


DE - FC x CD/ (AB - CD) 


Now, let us consider that the light source is Sun & point A is Sun itself. Then B is the 
point on the surface of earth where no shadow can be seen (which lies on the line 
joining center of Earth & Sun). Now AB is the distance between the Sun and the point 
of the surface of Earth. 


In the above formula, DE can be measured, CD can be measured & FC is the nothing 
but BD which can also be measured. We can find AB by substituting all values. 


We know the angle(DCE) is Sun's declination which is equal to angle(BAE). As per 
last, stanza, considering R as AE in triangle ABE. 


AB- AE x Sin (90-Sun's declination) 

Similarly, 

BE - AE x Sin (Sun's declination) 

So, AB - BE x Sin (90-Sun's declination)/ Sin (Sun's declination) 
In triangle CDE, considering R as CE. 

DE = CE x Sin (Sun's declination) 

CD = CE x Sin (90-Sun's declination) 

So, Sin (90 - Sun's declination)/ Sin (Sun's declination) = CD / DE. 


We can find Sun's declination from the formula or substitute the value in the previous 
equation to get distance AB. Now distance between Sun & Earth is AB + Radius of 
Earth. 


All sutras shared by our ancestors in Sanskrit looks small. But the meaning behind it 
when deciphered can give enormous information to us. 


Stanza 16: 
sai sameaa gA Hd PA | 
STerg Ur PA M SHA Yo Hats 11 2.26 II 


“When there are two gnomons of equal height in the same direction from the lamp post 
then multiply the distance between the tips of the shadows of the two gnomons by the 
shadow (larger or shorter) and divide by the larger shadow diminished by the shorter 
one. The result is the upright, ie., the distance of the tip of the (larger or shorter) 
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shadow from the foot of the lamp-post. The upright multiplied by the height of the 
gnomon and divided by the (larger or shorter) shadow gives the height of the lamp 
post” 


In this stanza, we don’t need any data on the position of the lamppost to calculate the 
height of the lamp post. Note in earlier stanza, we need distance between the lamppost 
and the gnomon to find the height of the lamp post. 


So, considering Sun as light source, we don’t need to bother on the exact distance 
between Solar noon point and the gnomon. Let us go into the formula shared in this 
stanza. 





Construct points as in image where A is point of light source (Sun), B is noon point on 
Earth, LM is gnomon 1, PQ is gnomon 2, C is shadow tip of gnomon 1 & D is shadow 
tip of gnomon 2. 


Then, by similar triangle concept as seen in earlier stanza, 

AB/ PQ = BD / QD 

AB/ LM = BC / MC 

Since gnomon length are same. PQ = LM. 

BD/QD = BC/MC = CD / (QD - MC) 

Hence, 

AB = BD x PQ/ QD or 

AB = BC x LM/ MC 

where AB is the distance between light source (Sun) and the local noon point. 


Stanza 17: 


"Weg va yoradi tea PUR | 
qd sidarfst 3rtieurar snae] 818 8. 11 3.309 1I 
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“In a right-angled triangle the square of the base plus the square of the upright is the 
square of the hypotenuse. Ina circle, when a chord divides it into two arcs, the product 
of the arrows of the two arcs is certainly equal to the square of half of the chord" 


First line is on the theorem of the square of the hypotenuse. 


This theorem has been in India even before Aryabhata. Baudhayana of 800 BC, the 
author of the Baudhayama-sulba-sutra has enunciated it as 


"The diagonal of a rectangle produces both (areas) which its length and breadth 
produce separately" 


First theorem shared by Aryabhata is now universally called as Pythagoras theorem, 
for which, there is no real trustworthy evidence that it is actually discovered by him. It 
was certainly the Indian Sanata dharmis who enunciated the property of the right- 
angled triangle in its most general form. It is also to be noted that no other ancient 
nation is known to have made any attempt in this direction or have shared any such 
theorem which forms the basis of many trigonometry theorems. | would like to state it 
as, 





Aryabhata’s Square of hypotenuse theorem: 
Hypotenuse”2 = Length*2 + Height*2 


Second line of the stanza states another theorem which we would have studied in 
Geometry, that is, in a circle (refer image), a chord CD and a diameter AB intersect 
each other at right angles at E then 


AE x EB = CE^2. 


This also implies that for angle length of Chord CD, Angle (ACB) is 90deg. Also, it 
implies that CAE & CEB are similar triangles which are oriented at 90deg. 


Stanza 18: 


TM a gA rA HAAAT | 
SAATA si 


HAIR REAR 11 2.20 11 
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“When one circle intersects another circle, multiply the diameters of the two circles 
each diminished by the erosion, by the erosion and divide each result by the sum of 
the diameters of the two circles after each has been diminished by the erosion, then 
are obtained the arrows of the arcs of the two circles intercepted in each other” 


This stanza is about arrows of intercepted arcs of intersecting circles. This theorem is 
very much essential while we discuss on Solar & lunar eclipse formed by the shadows 
of Moon & Earth. 


Refer image, Let the two circles with difference diameter AD & BE intersect. Now, let 
the points of intersection be P & Q. Mark point of intersection of AE & PQ as C. 





CE Siamese 

(f0-£0)x(GE-BD) 
oe ee) ED | 
m 


As per the theorem, 
BC - (AD - BD) x BD / ((AD — BD) « (BE - BD)) 


& 

CD - (BE - BD) x BD / ((AD - BD) + (BE- BD)) 
Stanza 19: 

zE fd ud aferd wd axo emp qum i 


sri grei q sni qr anfaerd ua arfedu 113.28 1l 


"Diminish the given number of terms by one, then divide by two then increase by the 
number of the preceding terms (if any), then multiply by the common difference, and 
then increase by the first term of the series, then the result is the arithmetic mean (of 
the given number of terms). This multiplied by the given number of terms is the sum 
of the given terms. Alternatively, multiply the sum of the first and last terms of the 
series or partial series which is to be summed up by half the number of terms" 


Interesting way to share formula for arithmetic series which can give so many 
formulae. Let us see what is Arithmetic series before we go inside the information 
shared in above stanza. 


Author: Madhusoodhanan Ramakrishnan. 50|Page 


xe ec e e e ec e e e de oec de e he e e e e fe ec oe ec oe e e e e eoe e de ec ode ee e eoe eoe coke o* 


Xr Xe Ye ee Be Be Be Xe ee Xe ee A A A A A A A A A A MA A A A A A A A A MA Be A A A A A A A A A A A A A A A Me A A A A A A A A A A A Be A A A e 


AAA A A A AA A A AAA A AAA A AAA A A AAA A AA AAA AAA AAA AA A A A 


A e A A A A A Be A A A A A A A A A A Be A A A A A A A A Be A A A A A A Be MA Be A A A A A A A A A A Be A A A A A A A Bb A Be MA A A Be 


A Brief on ARYABHATIYA 


Arithmetic series is a series in which difference between consecutive terms will be a 
constant. A simple well know arithmetic series is given below which is the first thing 
we learn in Mathematics. 


1,2,3,4,5,6....... 

In above series, difference between consecutive term is constant i.e., 

(2-1) = (3-2) = (4-3) = (5-4) = (6-5) = 1 

In general, this can be written as 

a, (a+d), (a+2d), (a+3d), ... (a+(n-1)d) 

Here, ‘a’ is the starting term and ‘d’ is the difference between consecutive terms. 
Series 1: If a =1 &d =1 then 1, 2, 3, 4, 5....... (1+(n-1)x1) 


Series 2: Ifa = 2 &d = 2 then 2, 4, 6, 8, 10 ....(2 + (n-1) x 2) {seen multiplication 
table of 2?) 


Series 3: If a 2 3 & d 2 3 then 3, 6, 9, 12, 15 ..... (3 + (n-1) x 3) (multiplication table of 
31) 


So, there are many arithmetic series as seen above and it is importance to know how 
to identify the series and importance of terms related to this series. 


Arithmetic sum is simple, sum of terms in series. We will see the importance of this 
formula when we see error accumulation in Kalakriya pada. 


1. As per the stanza, formula for arithmetic mean of 'n' terms is 

Arithmetic mean of {(a+pd), (a +(p+1)d), ...... (a +(p+ (n-1)d)} = a + ((n-1)/2 +p) x d 
2. As per the sanza, formula for arithmetic sum of ‘n’ terms 

Arithmetic mean = n x arithmetic mean. i.e, 

(a+pd) + (a +(p+1)d) + ...... + (a +(p+ (n-1) d) =n x (a + ((n-1)/2 +p) x d) 

3. Also, alternatively, if we know the first and last term of the series then, 

Sum of the terms or Arithmetic sum = (n/2) x (a +L) 

Where, a is the first term and L is the last term. 


There are so many Indian scripts on Arithmetic series, its sum & mean which was 
shared way back. Such series were never shared earlier in any of the work other than 
Indian origin. 


In the Brhaddevata (500-400BC), we have result of 
2+3+4+....... + 1000 = 500499. 
Here, a=2,p=0,d=1 &L = 1000, 


From above formula, we know that 
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L = a+ (p+(n-1) x d) 
1000 = 2 + (0 + (n-1) x 1) 
n = 999. 
Now, we will check with different formula shared to check the answer. 
1. Sum =n x (a + ((n-1)/2 +p) x d) 
= 999 x (2 + ((999-1)/2 + 0) x 1 
= 999 x (2 + 499) 
= 500499. 
2. Sum = (n/2) x (a + L) 
= (999/2) x (2 + 1000) 
= 1000998/2 
= 500499. 


In our school, we would have studied that arithmetic sum formula for n terms starting 
from 1 is n x (n+1)/2. This formula is from the above formula shared by Aryabhata. 


Stanza 20: 


E T E 4T N T J N | 
JA UA RUSA EAN] R.R 11 
“The number of terms are obtained as follows: Multiply the sum of the series by eight 
and by the common difference, increase that by the square of the difference between 
twice the first term and the common difference, and then take the square root; then 


subtract twice the first term, then divide by the common difference, then add one to 
the quotient, and then divide by two” 


This stanza is about number of terms in an arithmetic progression. 


Let us consider the series as 


a, (a+d), (a+2d), (a+3d), (a+4d), ........ n terms 

So, sum of the series is, 

S = a + (a+d) + (a+2d) + (a+3d) + (at4d) + ........ n terms 
Then, 


n = (1/2) x [({sqrt(8dS + (2a-d)*2)-2a}/d)+1] 

Let us take an example, (same example as discussed in earlier stanza) 
2+3+4+....... + 1000 = 500499. 

Here, a = 2; d =1; S = 500499. Let us find ‘n’ with the formula given. 
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({sqrt(8 x 1 x 500499 + (2 x 2-1)2)-2 x 2/1)+1] 

x [Usqrt(4003992 + (3)12)-4)/1)+1] 
([sqrt(4004001)-4)/1)+1] 

x [({2001-4}/1)+1] 


= 999 
Now, see the series, last term is 1000 and there is no 1, so number of terms is 999. 
Surprisingly, 
In this formula, the term inside the sqrt is a perfect square, 8dS + (2a-d)’2. 


In case, of a = 2; d =1; S = 500499, term inside square root is 4004001 .Square root 
of which is 2001. 


If in case, of a = 2; d =1; S = 501500 (added 1001), term inside square root will be 
4012009. Square root of which is 2003 (This square root follows an arithmetic 
progression with ‘d’ as 2). 








5. Interesting thoughts 
Interestingly, Happiness is competitive. If you want to be Happy, you need to 
experience/enjoy sadness. We enjoy rain because we have summer. Earth's tilt (can 
be an imperfection) which gives us this enjoyment. No season if no tilt in Earth's 
axis. 

But, there are something/feeling which are not time bound like the feeling you 
experience by devoted kainkaryam to God. These remain beyond reach for science. 
Similarly, numbers zero and infinity are not just numbers. Practical example cannot 
be given for them without considering Time or other dimension. Can you explain the 
life of Energy in Universe in terms of time? Rule in science says Energy can neither 
be created nor by destroyed. Whether energy not part of universe if universe has a 
birth time? 























Stanza 21: 


vaa daa tar Aaa | 
duda USUARIA ART 113028 11 


“Of the series (upaciti) which has one for the first term and one for the common 
difference, take three terms in continuation, of which the first is equal to the given 
number of terms, and find their continued product. That product, or the number of 
terms plus one subtracted from the cube of that, divided by 6, gives the citighana” 


Let us understand the terms mentioned in the stanza. Citi means series or pile. 
ekottaradi-upaciti is series starting with 1 and common difference as 1. Sum of series 
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A Brief on ARYABHATIYA 


is Sankalita. Series made by the sum of Sankalita is sankalita-sankalita. Citighana is 
solid balls of a pile in the shape of a pyramid on a triangular base. 


Now, let us see the above terms in numbers 
ekottaradi-upaciti:1+2+3+..... +n 

sankalita-sankalita: 1 + (1+2) + (1+2+3) +.... 

Ths stanza gives the sum of sankalita-sankalita series as 


Sum of sankalita-sankalita series = n x (n+1) x (n+2) /6 or 
Sum of sankalita-sankalita series = [(n+1)"2 - (n+1)] /6 
Let us a practical example as shared by Bhaskara where this can be applied. 





There are three pyramid piles having respectively 5,8 and 14 layers which are 
triangular. Tell me the number of units (balls) in each of them. 


The above citighana is a series of figurate numbers. The Hindus are known to have 
obtained the formula from the sum of series of natural numbers as early as the fifth 
century BC. It cannot be said with any certainty whether the Hindus in those times 
used the representation of the sum by triangles or not. The subject of piles of shots 
and other things has been given great importance in the Hindu works, of which all 
contain a section dealing with citi (piles). lt will not be a matter of surprise if the 
geometrical representation of figurate numbers is traced to Hindu sources. 


Formula shared in the stanza is 


Sum of sankalita-sankalita series = n x (n+1) x (n+2) /6 or 
Sum of sankalita-sankalita series = [(n+1)*2 - (n+1)] /6 


Consider the example of balls placed inside triangular pyramid. Refer image. 
Number of layers of stack is 4. So as per the formula, total number of balls are 


1. Total number of balls = 4 x (4+1) x (4+2) /6 
=4x5x6/6 
- 20 
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A Brief on ARYABHATIYA 
2. Total number of balls 2 [ (4-1) ^2 — (441) ]/ 6 
= [25 - 5] /6 


= 20/6 (Not the answer) 


So, we need to consider first formula answer in this case, which is 20. Now count the 
number of balls shown in top view of the picture. First layer, 1; second layer, 3; third 
layer, 6 and fourth layer, 10. So, number of balls are (1 +3+6+10)=20. 


Stanza 22: 
RAE ENCUEN 
aaa da iaa 112.22 11 


“The continued product of the three quantities, viz., the number of terms plus one, the 
same increased by the number of terms, and the number of terms when divided by 6 


gives the sum of the series of squares of natural numbers (areata , vargacitighana). 
The square of the sum of the series of natural numbers (fate , Citi) gives the sum of the 
series of cubes of natural numbers CURSE IC IE , ghanacitighana)” 


The term vargacitighana is used in the sense of the sum of the series shown below 
142 + 242 + 342+ .....4n*2 = [N x (n+1) x (2n +1)]/6 


Vargacitighana literally means “the soild contents of a pile (of balls) in the shape of a 
pyramid on a square base. It is so constructed that there is 1 ball in the topmost layer, 
2^2 balls in the next lower layer, 3^2 balls in the further next lower layers and so on. 


Refer first image, n = 4 as there are four layers. Count the number of balls in the 
pyramid which can also be calculated as per below: 


Number of balls in four layer pyramid = 4 x (441) x (2x 4 4 1)/6 
=4x5x9/6 
=30. 
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1 brick 8 bricks 





27 bricks 
64 bricks 


Next formula is for ghanacitighana which means “the solid contents of a pile of cuboidal 
bricks in the shape of a pyramid having cuboidal layers”. It is so constructed that there 
is 1 brick in the topmost layer, 2^3 brick in the next lower layer, 3^8 bricks in the further 
next lower layer, and so on. 


113 + 2^3 * 3^3 .....*n^3 7 [n x (n*1)/2]^2 


Refer second image. n - 4 as there are four layers. Count the number of balls in the 
pyramid which can also be calculated as per below (note that there are same number 
of cubes below the next bottom layer which are hidden by the layer above it) 


Number of cuboids 2[4x5/2]^2 
=10 ^2 
= 100. 
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18. Do you know? 

















The treatise Indian 
mathematics Pingala 
contains the most ancient 
mention of Fibonacci- 
numbers, binary system, 
binomial coefficients 
and the Pascal's triangle 
(or sacred pyramid 
Mahatra-Meru). 
Sanskritist Michael Mikhajlov has 

proved, that Vedic texts can be read 


with the help of mathematical 
and astronomical Pingala’s code. 














19. Do you know? 








audhaya’s formula for square root of 2: 


resgebmer agis fad : 


Da uad 1 


wen festi uum qd. eq 


- (Bau. i, 61-2, Ap. i, 6) 





1 
3 3.4 8.4. 


























20. Do you know? 
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In 1971 Roger Billard (a French 
mathematician and Sanskritist) did a 
statistical study of the deviations of 
longitudes of Âryabhata’s observations 
of planets. He proved that the deviations 


were smallest around 500 CE, which is 
the date of the Âryabhatîya. This gave 
the lie to scholars who claimed that 
Âryabhata had borrowed his table of 
planetary positions from Babylonian 
astronomers. 





Deviations of longitudes 
a . à 


¿1411445 


Brasa asas 





Dating Arvabhsta's obnervatiom through deviatom of longitudes 
@uethed of Roger Billard 1971) 























makhi bhakhi phakhi dhakhi nakhi nakhi 


nakhi hasjha skaki kisga ghakhi kighva | 


ghlaki kigra hakya dhaki kica 
sga sjha hva kla pta pha cha kala-ardha- jyah || 


(Aryabhatiya, verse 12) 


Áryabhata also ... 


Gave a table of sines (above): 24 values for the first quadrant in 
increments of 3.75? (all values correct to 3 or 4 significant figures). 


Proposed that z = 62832 / 20000 = 3.1416, adding that it was an 


*approximate" value. 


Gave for the first time the formula for the area of a triangle. 


Solved in integers linear indeterminate equations of the type 
ax + c = by through the kuttaka or “pulverizing” method. 


21. Do you know? 








for measuring sines 
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Stanza 23: 


mahu R aa Adda qiero | 
aaa HA Af APREN 11 2.23 1 


“From the square of the sum of the two factors subtract the sum of their squares. One 
half of that difference should be known as the product of the two factors” 


Formula shared in the stanza is, 

A x B = [(A+B)^2- (A^2+B^2)]/2 

Looks familiar? let us rearrange the formula, 
A x B = [(A+B)^2- (A^2+B^2)]/2 

2 x A x B = [(A+B)^2- (A^2+B^2)] 

A^2 + B^2 + 2AB = [(A+B)^2] 

(A+B)^2 = A^2 + B^2 + 2AB. 


Now, looks familiar? this is (a+b)^2 formula which we learnt in our school. All these 
are from Aryabhatiya. 


Stanza 24: 
Reasi Renao Hga | 
rcge eld GSR 3d GÍA 112.28 11 


“Multiply the product by four, then add the square of the difference of the two 
quantities, and then take the square root. Set down this square toot in two places. In 
one place, increase it by the difference of the two quantities, and in the other place 
decrease it by the same. The results thus obtained, when divided by two, give the two 
factors of the given product” 


This stanza is on finding factors if their difference and product is known. Actually, this 
is combination of two quadratic equations. Let us see the formula shared in the stanza. 


If, 

Eqni:x-y=a 

Eqn2: xy =b 

then as per the formula given by Aryabhata, 
X = [sqrt(4b +a%*2) +a]/2 

y 7 [sqrt(4b-a^2) - a]/2 

Now, let 


Let us see what it is in modern terms. As the solution for x doesn't have y and y doesn't 
have x, Equation 1 & 2 can be combined and represented with x or y alone. We will 
take one such form in terms of x. 
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From eqn 2: y = b/x 


Substitute this in eqn 1: x — b/x = a 


(x42 —b)/x=a 
x42 —b = ax 
x2 — ax -b =0 


Solution of a quadratic equation in modern terms is, 
Quadratic equation: AX*2 + BX + C =0 

X = [-B + sqrt(B"2 -4AC)]/(2A) 

IFA is 1, Bis -a & C is -b then 

X = [a + sqrt(a*2 +4b)]/(2) 


This is the same formula shared by Aryabhata explaining the purpose of + & - in the 
solution of a quadratic equation with two equation & two factors. Also, it is easy to 
implement this in problems which is more practical approach. Which is to compare 
with a practical problem? Whether difference of factor and their product or a quadratic 
equation? 


Stanza 25: 

Hapi api PA ASAP AJA | 

T gA Sgi pagdi AAPA 11 2.24 1 

“Multiply the interest on the principal plus the interest on that interest by the time and 
by the principal; then add the square of half the principal; then take the square root; 


then subtract half the principal; and then divide by the time: the result is the interest 
on the principal” 


The problem envisaged is: A principal P is lent out at a certain rate of interest per 
month. At the expiry of one month, the interest ‘I’ which accrues on P in one month is 
given on loan at the same rate of interest for T months. After T months ‘I’ amounts to 
A. The problem is to find ‘Il’ when A is given. 


Here, A is accumulated interest in the same monthly interest rate and ‘I’ is the interest 
of a month. 


Solution to this problem given by Aryabhata is given below: 
| 2 [sqrt(PTA «(P/2)^2)-(P/2)]/T. 


It can be seen that even during Aryabhata days, money lenders were deducting 
interest at the outset while lending money. They were also aware of rudiments of 
compound interest. Also, it can be seen that the formula is for the interest as even 
when we want to get loan we check only the interest rate which is of our interest. This 
is a form of quadratic equation hence Aryabhata has shared it after sharing formula 
on quadratic equation which we saw in earlier stanza. 
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Stanza 26: 

RRP i Au FERRA gi pa | 

qe WAS CASTS Se ATA 113.38 Il 

“In the rule of three, multiply the fruit (PA, phala) by the requisition (251, iccha) and 


divide the resulting product by the argument (WHTUI, pramana). Then is obtained the 
fruit corresponding to the requisition(icchaphala)" 


This is an interesting formula which can be used under different areas. Let us see 
some examples. 


1. If A number of pens cost P rupess, then How much B number of pens will cost? 


Here A is the argument, P is the fruit and B the requisition, So, required answer is [(B 
x P)/ A] rupees. 


2. If the interest on Rs. 100 for 2 months is R. 5 then the interest on Rs. 25 invested 
for 8 months. Here, we have two arguments, Rs. 100 & 2 months; and two requisition, 
Rs. 25 8 8 months. The fruit is Rs. 5. So the required answer is, 


(25 x 8x 5)/ (100 x 2) which is same 5 rupees. 
Stanza 27: 


Sau gdhq udis JU RANTE RUTA | 
Sal VHS TRAN RU 112.2 11 


“The numerators and denominators of the multipliers and divisors should be multiplied 
by one another. Multiply the numerator as also the denominator of each fraction by the 
denominator of the other function; then the given fractions are reduced to a common 
denominator” 


Above stanza gives two formula as given below. These are simple formula which we 
had studied in our school. 


1. From first line (Simplification of quotients of fractions): [a/b]/[c/d] = ad/bc 


2. From second line (Reduction of two fractions to a common denominator): 
(a/b)+(c/d) = (ad + bc)/ bd 
Stanza 28: 


TUPRRYPTERRUMTER Hated JURA | 
AR FATT 112.20 !1 
“In the method of inversion multipliers become divisors and divisors become 


multipliers, additive becomes subtractive and subtractive becomes additive" 
Simple formula on method of inversion to find the unknown in the equation. 


Example: A number is multiplied by 2; then increased by 1; then divided by 5; then 
multiplied by 3; then diminished by 2; and then divided by 7; the result is 1. Find what 
is the initial number. 
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To find the initial number, start from reverse orderand change operation as per 


Be Xe Be A A A A A A Be A A A A A A A A A A Be A A A A A A Be A Be A A A A A A Be MA A A A A A A A MA Be A Be A A A A A A A A A Be A A MA Be 


stanza 


1 multiplied by 7; add 2; divide by 3; multiply by 5; subtract 1; divide by 2 then we get 


the number with is 7. So the initial number is 7. 
Question: 

((((((Yx2)+1)/5)x3)-2)/7)=1 

To find Y 

Y = ((((((1X7)+2)/3)x5)-1)/2) = 7. 

Stanza 29: 

UR URIS mayi Afd gurda | 

fà uda uds gd udis qq uafd uam 113.33 I1 


"The sums of all combinations of the unknown quantities except one which are given 
separately should be added together; and the sum should be written down separately 
and divided by the number of unknown quantities less one: the quotient thus obtained 
is certainly the total of all the unknown quantities. This total severally diminished by 


3 


the given sums gives the various unknown quantities’ 


We are back to series again. This stanza is on finding unknown quantities from sums 


of all but one. 
If, 
(x1+x2+...+xn) — x1 = al 


(x1+x2+.....+xn)- x2 = a2 


(x1+x2+...+xn) — xn = an 

Then, 

X1+x2+...+xn = (a1+a2+....+an)/(n-1) 
So that, 

x1 = (a1+a2+...+an)/(n-1) — a1 

xn 7 (a1*a2*...*an)/(n-1) — an 


x1, x2,...xn being the unknown quantities and a1, a2, 
considering the unknown quantity. 


Stanza 30: 


JAPO fia RR UR | 
ced asa aa dd Yafd Jan 112.30 11 
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“Divide the difference between the rupakas with the two persons by the difference 
between their gulikas. The quotient is the value of one gulika, if the possessions of the 
two persons are of equal value" 


Two persons are equally rich. Of them, one possesses a gulikas and b rupakas (coins), 
and the other possesses 'c' gulikas and 'd' rupakas. The rule shared here is to find the 
value of one gulika in terms of rupakas. 


That is, 
ax+b=cx+d 
then, 

X = (d-b)/ (a-c). 
Stanza 31: 


cael AR dan 
Tfararur erit fahreorett ardiarg sit 11 3.3 II 


"Divide the distance between the two bodies moving in the opposite directions by the 
sum of their speeds, and the distance between the two bodies moving in the same 
direction by the difference of their speeds; the two quotient will give the time elapsed 
since the two bodies met or to elapse before they will meet" 


This stanza is on Meeting of two moving bodies. Relativity between two moving 
bodies. 

1) When the two bodies are moving in opposite direction: If the bodies are facing each 
other i.e., if they have not already met, the distance between them when divides by 
the sum of their velocities will give the time of elapse before they meet. 


If the bodies have already met and moving away from each other, the distance 
between then when divided by the sum of their velocities will give the time elapsed 
since they met each other. 


Time to meet - (Distance between two moving bodies)/ (Velocity of body1 + Velocity 
of body 2) 


2) When two bodies are moving in the same direction: If the fast-moving body is 
behind, ie., if they have not already met, the distance between them when divided by 
the difference of their velocities will give the time to elapse before they meet. 


If the slow-moving body is behind i.e, if they have already met, the distance between 
them when divided by the difference of their velocities will give the time elapsed since 
they met each other. 


Time to meet = (Distance between two moving bodies)/ (Velocity of body1 (fast) - 
Velocity of body 2(slow)) 
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22. Do you know? 


























me 
Patna. | = o 
Ujjain, | 
Saurashtra 





Varanasi 


Rohinikhanda 
Mathura- nd 
a Notes : 
(1) Many of the dates 
(and some of the 
places) are still 
being debated. 


Bháskara | (600) , 2) other famous 
, maticians whose 
” Sripati (1019) 


^ jirthplaces and dates 
Mysore ,. *| remain baffling : 


Alattur A 
Jaipur 





Baudhayana (800 BC) 
Manava (750 BC) 
Apastamba (600 BC) 
Katyayana (200 BC) 
Yativrsabha (500) 

Lalla (720) 
Govindaswami (800) 

q Prthudakaswami (830) 
Sankaranarayana (840) 
Sridhara (870) 
Aryabhata II (920) 
Narayana (1340) 
Mahendra Suri (1340) 


Kerala 


Tes OO 
Nilakantha ( 


E Jy st deva (7500) 


Kochi 









Early Indian scientists 


* This map (adapted from the website of St. Andrews University, Scotland) lists the 
main figures of early Indian science. (The exact place or epoch of many of them 
remains uncertain). 

* Note the shift to the South, especially Karnataka and Kerala, after the 12' century. 














23. Do you know? 


Aryabhata was a brilliant scientist who lived at Kusumapura 
(probably today’s Patna). In 499 CE, he wrote the Aryabhatiya, 
a brief but extremely important treatise of mathematics and 
astronomy, at the age of 23! A few highlights: 


Aryabhata about the earth: 


» The earth is a rotating sphere: the stars do not 
move, it is the earth that rotates. 

* Its diameter is 1,050 yojanas. Its circumference is 
therefore 1050 x 13.6 x m = 44,860 km, about 12% 
off. (1 yojana = 8,000 human heights) 


Áryabhata OU TU ETE 


*The moon eclipses the sun, and the great 
shadow of the earth eclipses the moon." 
(Aryabhatiya, |V.37) 
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24. Do you know? 











Cyclic time. 


Ancient Indians conceived 
the infinity of time and space: 


Limitless space — Bhaskara |: “The sky is beyond 
limit; it is impossible to state its measure”. 

The concept of infinity underlies much of later 
Indian science: Brahmagupta first spelt out the 
mathematical definition of infinity. 


S. Ramanujan: “The man who knew infinity” is the 
title of one of his biographies. 

















25. Do you know? 











Ghati yantra bowl floating in water 








* Ghati yantra, a type of water clock: the 
bowl, with a small hole at its bottom, sinks 
after 24 mn (a unit of time called ghati, 
equal to 1/60'^ of a day). 


Ancient texts refer to various other devices 


(gnomons, sun dials etc.) which have 
disappeared, but point to a long tradition of 
observation. 

(Below:) A sun dial (Jantar Mantar, Jaipur, 
18' century). Such massive structures are 
found only in recent times; ancient 
observatories must have consisted of 
simple implements made of wood. 
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26. Do you know? 


1. Indus-Sarasvati Civilization 


First steps of technology and science in the protohistoric era* 


The east-west alignment of the 
main streets of Mohenjo-daro's 
“citadel” (or acropolis, left) was 
based on the Pleiades star 
cluster (Krittika), which rose due 
east at the time; it no longer 
does because of the precession 
of the equinoxes. (German 
archaeologist Holger Wanzke, 
“Axis systems and orientation at 
Mohenjo-daro”, 1987) 


The mystery of Mohenjo-daro’s “ring stones” (above right): the 
small drilled holes (see red arrows), showed the stones were used 
to track the path of the sun through the year, as seen from 
Mohenjo-daro. Such evidences demonstrate the first steps in 
observational astronomy. There are other hints, such as possible 
astronomical symbolism on a few seals. (Finnish scholar Erkka 
Maulan, “The Calendar Stones from Mohenjo-daro”, 1984) 
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Stanza 32 & 33: 


SIPHUMTER fA GAAUPTERTT | 
MITRE ALOT Stay FACT 11 2.32 11 


HPO SAAS SUS STA | 
arfürcorue aqui esas sfiemyay | 2.33 1 


“Divide the divisor corresponding to the greater remainder by the divisor corresponding 
to the smaller remainder. Discard the quotient. Divide the remainder obtained and the 
divisor by one another until the number of quotients of the mutual division is even and 
the final remainder is small enough. Multiply the final remainder by an optional number 
and to the product obtained add the difference of the remainders corresponding to the 
greater and smaller divisors; then divide this sum by the last divisor of the mutual 
division. The optional number is to be so chosen that this division is exact. Now place 
the quotient of the mutual division one below the other in a column; below them write 
the optional number and underneath it the quotient just obtained. Then reduce the 
chain of number which have been written down one below the other, as follows: 
multiply by the last but one number in the bottom the number just above it and then 
add the number just below it and then discard the lower number. Repeat this process 
until there are only two numbers in the chain. Divide the upper number by the divisor 
corresponding to the smaller remainder, then multiply the remainder obtained by the 
divisor corresponding to the greater remainder: the result is the 
dvicchedagram(feealt ) Le., the number answering to the two division. This is also the 
remainder corresponding to the divisor equal to the product of the two divisions.” 


These stanzas are on problems of residual and Non-residual pulveriser. Let us take 
an example to understand interesting concept of solving such problems. 


Problem1: Find the number which yields 5 as the remainder when divided by 8, 4 as 
the remainder when divided as remainder when divided by 9. 


By the process shared by Aryabhata, we will get smallest positive integer which gives 
specified remainder when divided by given numbers. 


Let ‘N’ be the required number. Then, 
N = 8a +5, here 8 is divisor and 5 is remainder. 
N = 9b + 4, here 9 is divisor and 4 is remainder. 


Among, the above two, greater remainder is 5 and divisor corresponding to the 
greater remainder is 8. 


Difference between the remainder is (5-4) = 1. 


Divide 5 by 4, which will give quotient 1 & remainder 1. Divide 1 by 1 which will give 
quotient 1 & remainder O. 


Quotients are: 1, 1. Number of quotients: 2 (only even number to be considered, if 
odd remove the 1st). 


Let us consider 1 as the optional number. 
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Now multiply last remainder 0 with optional number and add 1 (difference of greater 
and smaller remainders), (Ox1 + 1) =1. 


Divide the result 1 by 1, the final divisor of the mutual division, the quotient is 1. As 
per the process, write the quotients of the mutual division as below. 


1, 8, 1, 1. (Next process: multiply by the last but one number in the bottom the 
number just above it and then add the number just below it and then discard the 
lower number. Repeat this process until there are only two numbers in the chain.) 


1, (8 x 1+1),1, discard last 1: 1, 9, 1 
Again, (1x 9 +1), 1: 10, 9. Last two numbers are 10 & 9. 


Now, divide 10 by 9, quotient 1, remainder 1. Multiply this remainder 1 by 8, the 
divisor corresponding to the greater remainder, we get 8. Adding the greater 
remainder 5 to this 8, we get 13. 


13 is the number which divided by 8 leaves 5 as remainder and divided by 9 leaves 4 
as remainder. This number is called dvicchedagram (Sam. 


This process is important in finding “aharganas” of planets. 


Problem 2: Find the number which yields 19 as the remainder when divided by 45, 15 
as the remainder when divided as remainder when divided by 29. 
So, N = 45a + 19, here 45 is divisor and 19 is remainder. 


N = 29b + 15, here 29 is divisor and 15 is remainder. 


Among, the above two, greater remainder is 19 and divisor corresponding to the 
greater remainder is 45. 


Difference between the remainder is (19-15) = 4. 

Now, divide 45 by 29, note down the quotient, 1 and remainder, 16. 
Divide, 29 by 16, note down the quotient, 1 and remainder, 13. 
Divide, 16 by 13, note down the quotient, 1 and remainder, 3. 
Divide, 13 by 3, note down the quotient, 4 and remainder, 1. 
Divide, 3 by 1, note down the quotient, 3 and remainder, 0. 
Quotients: 1, 1, 1, 4, 3 

Number of quotients: 4 (even required, so remove first) 

Let us consider optional number as 2. 


Last quotient is 3. Multiple 3 with optional number as 3 x 2 = 6. Add difference in 
remainder 4 as 64-10. Deduce as given below. 


1,1,4,3,2,4 
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1,1,4,10,2 
1,1,42,10 
1,52,42 
94,52 


Last two numbers are 94 & 52. Divide 94 by 29 (divisor of smaller remainder), we get 
quotient 3 & remainder 7. Multiple 7 with divisor of the greatest remainder as 7 x 45 = 
315. Add larger remainder as 315 + 19 = 334. 


Answer is 334. 
334 = 19 mod (45) & 15 mod (29). 


Problem 3: Find the number which yields 19 as the remainder when divided by 45, 15 
as the remainder when divided as remainder when divided by 29. In addition to this, 
we will consider that this number yields 1 as the remainder when divided by 7. 


Let us the same procedure for the first two combination and then answer will be, 
334 = 19 mod (45) & 15 mod (29). 


Two consider the third divisor and remainder. We will consider that the number when 
divided by product of first two divisor will give 334. 


That is, N = 334 mod (1305) 4 1 mod(7) 


Among, the above two, greater remainder is 334 and divisor corresponding to the 
greater remainder is 1305. 


Difference between the remainder is (334-1) = 333. 

Now, divide 1305 by 7, note down the quotient, 186 and remainder, 3. 
Divide, 7 by 3, note down the quotient, 2 and remainder, 1. 

Divide, 3 by 1, note down the quotient, 3 and remainder, 0. 

Quotients: 186, 2, 3. 

Number of quotients: 2 (even required, so remove first) 

Let us consider optional number as 2. 

2,3,2,993 

2,339,2 

680,339 


Last two numbers are 680 8 339. Divide 680 by 7 (divisor of smaller remainder), we 
get quotient 97 & remainder 1. Multiple 1 with divisor of the greatest remainder as 1 x 
1305 = 1305. Add larger remainder as 1305 + 334 = 1639. 


Answer is 1639. 
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1639 = 334 mod (1305) £ 1 mod (7). 


These problems to find numbers from divisor and remainder are important in 
following cases: 


To find the revolution elapsed in a cycle, where we know the remainder of smaller 
cycles which are week cycle (7 days), lunar cycle, solar year cycle. Above method can 
be used to find the number of days elapsed since the start of the cycle (which is 


epoch). 








6. Interesting thoughts 





Mysterious forces and Nature's balance: 

Perfection may lack happiness. Ultimate reason for our existence are may be due 
to imperfections. There are mysterious forces in universe which keeps nature in 
balance (can be imbalance also, but whatever we want). Example: Water has got 
some special properties which keeps our Earth and supported living beings in 
balance. Water cycle itself is known to all but surprising many mysteries are still 
within water. Water needs a specific amount of energy to get converted into gas 
from liquid. There are many benefits of water cycle, let us take one. One way of 
taking water from sea to clouds is by Sun. Water takes energy from Sun and gets 
converted to vapour. As it is converted into vapour and become LESS MASS, it is 
pushed up by the heavier gas above it. During this process of movement, vapour 
could have converted into water again but most of it remain vapour and forms 
clouds. When it condensed it releases Energy at the top of the atmosphere there by 
helping in one form in energy balance of Earth. Water and vapour state difference 
based on the weak hydrogen bond between one water molecule to the other. Such 
forces are there between any substance in the universe which are related to the 
energy added and released, distance between molecules and mass. Gravity is also 
similar force. Our brain signal network is also by similar force. Source of Energy, 
Mass and Gravity (forces) are the ultimate work of God and a mystery to us. 
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Chapter V. Kalakriya Pada 
Stanza 1: 


afg gear ANA HANA | 
PaRa Pa SAT 1211 


“A year consist of 12 months. A month consists of 30days. A day consists of 60 
nadis( TS). A nadi consists of 60 vinadikas(/I11ÍS5 PT) or vinadis” 


1 year = 12 months 

1 month = 30 days 

1 day = 60 nadis 

1 nadi = 60 vinadikas 


Stanza 2: 


THERM PRA ame uta AT HOT | 
Ud eorefa aique vU 103 0l 


"A side real vinadika is equal to the time taken by a man in normal condition in 
pronouncing 60 long syllables with moderate flow of voice or in taking 6 respirations 
(pranas). This is the division of time. The division of a circle proceeds in a similar 
manner from the revolution" 


So, 

1 sidereal vinadika = 60 long syallables - 6 respiration (pranas) 
Circular divisions similar to Time division 

1 revolution = 12 signs 

1 sign = 30 degrees 

1 degree = 60 minutes (kalas) 

1 minute = 60 seconds (vikalas) 


1 second = 60 thirds (tatparas) 


Stanza 3: 


HTO Ra aa arar feared | 
AUREA ITA 1131 


“The difference between the revolution-numbers of any two planets is the number of 
conjunctions of those planets in a yuga. The combined revolutions of the Sun and 
the Moon added to themselves is the number of Vyatipatas in a Yuga” 
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For example, let us consider that Object 1 is revolving around X at 1 revolution per 
minute € object 2 revolving at 2 revolution per minute. (Both at different radius). Let 
us also considering that they start their motion from aligned position (X-Obj1-Obj2 in 
straight line). 


How many times they come in alignment in one minute without considering the starting 
and ending point? 


As per stanza (we have also seen this in relation motion between to objects in earlier 
chapter), that is difference between 2 & 1, 2-1 = 1. So, once they come in alignment. 
If revolution number of Obj1 is 2rpm & Obj2 is 5rpm then they will come in alignment 
3 times. 


So, in a Yuga, number of conjunctions of two planets is the difference between their 
revolution numbers. (Here, time reference taken is in Yuga instead of a minute as in 
earlier examples). The phenomenon called Vyatipata is of two types: Lata-vyatipata & 
Vaidhrta-vyatipata. Vaidhrta-vyatipata occurs when the sum of the tropical longitudes 
of the Sun and the Moon amounts to 180degrees and Lata-vyatipata, when that sum 
amounts to 360deg. Thus, in one combined revolution of the Sun and the Moon there 
occur two vyatipatas. 


In circle of asterism, Sun and Moon goes around Earth and position of Sun and Moon 
can be represented in terms of Longitudes by taking any position on Equator as 
reference (Odeg Long). Now, at any point, position of Sun in the circle plot can be 
represented by its Longitude (A1) & similarly, Moon's position in the circle plot can be 
represented by its Longitude (A2). So, instance is said to be vyatipada when A1 + A2 
is either 180deg or 360deg. 


The conception of the phenomenon of vyatipada is very old. It occurs in the Vedanga- 
Jyoutisa, which states the number of vyatipatas in the yuga of 5 years. It also occurs 
in the Jaina astronomical work Jyotiskaronda, where the rule for finding the number of 
vyatipatas in a yuga of five years is formulated. These moments of two vyatipata are 
considered highly inauspicious. 
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e e O 
150deg 150deg 
*. 30deg 


Odeg Long . Odeg Long 
210deg 


Lata 


vyatipata 


Vaidhrta 


vyatipata 


We will see vyatipada later in details with ksetra (circle of asterism) and longitudinal 
position of Sun and Moon in circle of asterism. 


Stanza 4: 


AGARRAR RRE ERE | 
TOUTS TERRA | ¥ I 


“The difference between the revolution-numbers of a planet and its ucca gives the 
revolutions of the planet’s epicycle in a yuga. The revolution-number of Jupiter 
multiplied by 12 gives the number of years beginning with Asvayuk in a yuga” 


First line of the stanza is about Anomalistic and Synodic revolution of planets. We have 
already seen about Sidereal, Anomalistic and Synodic terms. Sidereal is number of 
revolutions with respect to fixed star, anomalistic is number of revolutions with respect 
to elliptic path points and Synodic is number of revolutions with respect to line joining 
Earth and Sun. Only the references are different & considering the variation of the 
reference, errors are calculated from other references. 


The number of anomalistic revolutions of the Moon in a yuga, according to Aryabhata 
is 

= Revolution number of the Moon - Revolution number of the Moon’s apogee (point 
on elliptic) 


= 57753336 — 488219 (refer Gitika Pada) 
= 57265117 


The period of one anomalistic revolution of the Moon is equal to 
1577917500/57265117 = 27.55459 days or 27 days 13 hrs 18min 36 sec. Modern 
value is 27 days 13 hrs 18min 33 sec. Check the accuracy of value shared by 


Author: Madhusoodhanan Ramakrishnan. 73 |Page 


kkekkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk kkk k 


Xr Xe Ye Xe Ye Xe YO X6 X6 X6 ee Me ee Be Be ie Be Me Be ee Me ee Bb Be Be Be Me Ae Me Me ee Be Ne Be He Me A Me Me Me Be Me Bb Ne Me Me Me Me Me Me Me Mb Be Me Ne Mb Ne Mb Me ee Me MA e 


Wo Fe He e e e e e e e e e e e e e fe e fe eoe e e e e HK HK KKK KH KKK KKK KK KKK 


Be Xe Be A A A Xe A A Be A A A A A A A A A A Be A A A A A A A A A A A A A A A Be A Be A A A A A A e e e A A A A A MA A A Bb A Be A A MA Be 


A Brief on ARYABHATIYA 


Aryabhata, it is within 1 prana (4 sec). (1577917500 = 1582237500-4320000) 
The number of synodic revolutions of the Moon in a yuga, according to Aryabhata is 


= Revolution number of the Moon - Revolution number of the Sun (Geocentric) 
= 57753336 — 4320000 (refer Gitika Pada) 


= 53433336 


The period of one synodic revolution of the Moon is equal to 1577917500/53433336 
= 29.5305818 days or 29days 12hrs 44min 2sec. Modern value is 29.53059 or 29days 
12hrs 44min 3sec. Again, accuracy level within 1  prana (4 sec). 
Similarly, Synodic revolutions & in days for other planets are given below with modern 
value reference. 


Mars — 2023176; 779.92125days; Modern value — 779.936days 

Sighrocca of Mercury — 13617020; 115.8783days; Modern value — 115.877days 
Jupiter — 3955776; 398.8895days; Modern value — 398.884days 

Sighrocca of Venus — 2702388; 583.8975days; Modern value - 583.921days 
Saturn — 4173436; 378.0859days; Modern value — 378.092days. 


Second line of the stanza is about number of years in reference to Jupiter cycle. 
Total number of revolutions of Sun in a yuga = 4820000 
Total number of revolutions of Jupiter in a  yuga = 364224 
Number of years (geocentric) in a yuga = 4320000. To find number of years 
(geocentric) per Jupiter revolution number, = 4320000/364224 = 11.860832 (approx. 
12). 


Also, five 12 years cycles or 60 years forms the cycle of Years (Samvatsara). 60 years 
are, 


1. Vijaya, 2. Jaya, 3. Manmatha, 
4. Durumukha, 5. Hemalamba, 6. Vilamba, 
7. Vikari, 8. Sarvari, 9. Plava, 

10. Subhakrt, 11. Sobhana, 12. Krodhi, 
13. Visvavasu, 14. Parabhava, 15. Plavanga, 


16. Kilaka, 
19. Virodhakrt, 
22. Ananda, 


25. Pingala, 


17. Saumya, 
20. Paridhavi, 
23. Raksasa, 


26. Kalayukta, 


Author: Madhusoodhanan Ramakrishnan. 


kkekkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk kkk 


18. Sadharana, 
21. Pramadi, 
24. Nala or Anala, 


27. Siddhartha, 
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28. 
31. 
34. 
37. 
40. 
43. 
46. 


49. 


55. 


58. 


Raudra, 
Rudhirodgari, 
Ksaya, 
Sukla, 
Angira, 

Yuva, 
Bahudhanya, 


Vrsa, 


52.Tarana, 


Sarvajit, 


Vikrta, 
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29. Durmati, 30. Dundubhi, 
32. Raktaksa, 33. Krodhana, 
35. Prabhava, 36. Vibhava, 
38. Pramoda, 39. Prajapati, 
41. Srimukha, 42. Bhava, 
44. Dhata, 45. |svara, 
47. Pramathi, 48. Vikrama, 
50. Citrabhanu, 51. Subhanu, 
53. Parthiva, 54. Vyaya, 
56. Sarvadhari, 57. Virodhi, 
59. Khara, 60. Nandana. 
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There are specific meanings to above year names and there are reasons for assigning 
these names in this order. 


A person when reaches 60 age, is celebrated as he has seen all samvatsara years 
starting from his birth year. 
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27. Do you know? 



















* The Shulbasütras give a precise “The diagonal of a rectangle 
RU  Produces both areas produced 
called “Pythagorean theorem.” 


separately by its two sides.” 


E Baudhayana Sulbasutra, i.48 
Right angles were made by 


ropes marked to give the triads 
3, 4, 5 and 5, 12, 13 (32 + 42 = 52, 
5? + 12? = 1372). 

We should rename this theorem 
the “Shulba theorem”! 





Examples of other geometric operations in the Shulbasitras: 


* “Squaring the circle” (and vice-versa): geometrically constructing a square 
having the same area as a given area. 


* Adding or subtracting the areas of two squares (to produce a single square). 
* Doubling the area of a square. 


* In the last construction, N2 works out to 577/408 or 1.414215, correct to the 5t^ 
decimal. (Same precision with v3.) 




















28. Do you know? 






































EN 

Geometry of the Shulbasútras (6' to 10th C AK 
q isi ANN 

plex fire altars of CARAS 
various shapes constructed with bricks of NS 
specific shapes and area: the total area of the HAAG 
altar must always be carefully respected. HARIAREN 
This leads to precise but purely geometrical S SANN 
calculations (algebra does not exist yet). SLL 





Kurmachit fire altar - first layer 
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The rathachakrachiti 
or chariot-wheel fire altar 
(first layer, 200 bricks of 7 types) 
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Y * 
a 29. Do you know? E 
I * Áryabhata's "orbit of the sky” is 7 
n 12,474,720,576,000 yojanas = 16.8 1013 km; x. 
therefore a diameter of 5.4 101% km, about es 

4,600 times our solar system's diameter. a 

e * That is of the same order as 10 parsecs i 
A (30 1013 km), a distance where the Sun has x 
s a magnitude of 4.7, almost the limit of de 
id visibility to the human eye. l^ 
* Bhaskara |: "For us, the sky * 
* extends to as far as it is Y 
illumined by the rays of the 

^ : Sun. Beyond that, the sky is PM 

n Aryabhata's immeasurable.... The sky is dle 
i *orbit of the sky” beyond limit; it is Impossible Me 
- . to state its measure. ‘al 
T In other words, Aryabhata’s “orbit of the sky” is of the de 
same order as the distance “illumined by the sun”. Very x 

likely a coincidence; nevertheless, his conception of the a 

A scale of the universe deserves to be noted. M 
* 30. Do you know? * 





U.S. astrophysicist McKim Malville, 
with Indian scholars, studied India's 
sacred geography: at Varanasi, 
Chitrakut, Vijayanagara and other 
sites, sacred sites (shrines, 
ashrams etc.) were oriented 



































I towards specific points of the sun's 

A path across the year. A 
* * 
A * 
? * 
yc P . " A 
T Chitrakut (associated with Lord Ram, who ceo ARANAS 7 i = 
i^ is often represented by a symbolic as an lig tpe s > A w 
T arrow): once mapped with GPS, ashrams HEC eM : J S^ * 
* form arrows that point to the sunrise and NJ: NA SEE [i SA : * 
Y sunset on the summer solstice. ES — AIR Ss 
* < : | ? * 
xr jv 
A Varanasi: the 14 Aditya shrines 9 A 
id precisely track the path of the sun ez P RAP | Needs | T 
z through the year, month after month. | siete ae dr Y V d nae con à Te s 
Yr * 
Y Y 
* * 
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31. Do you know? 


ft and all beautiful art thou, 
aker of the light, 
g all the radiant realm” 
Rig-Veda, 1.50.4) 


Sayana comments thus on the above hymn : 
'athà ca smaryate yojananam 
sahasre dve dve sate dve “a yojane 
misardhena kramamana 
“Thus it is remembered : 
S who traverse 


02 yojana in half a nimesa." 


With a yojana of 13.6 km and a nimesa of 16/75 of a second, this 
amounts to 280,755 km/s — just 6% from the speed of light (299,792 
km/s): Coincidence? Intuition or inspired knowledge? Or some lost 

method of measurement? In any case, the fact should be noted. 
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Stanza 5: 
RUTA ME Ya ARA | 
UAM O EA & 11 


“The revolutions ofthe Sun are Solar years. The conjunctions of the Sun and the Moon 
are lunar months. The conjunctions of the Sun and Earth are civil days. The rotations 
of the Earth are Sidereal days” 


Refer, Gitika pada for number of revolutions. 
As per the current stanza, 

Solar years in a yuga = 4320000 

Lunar months in a yuga = 53433336 

Civil days in a yuga = 1577917500 

Sidereal days in a yuga = 1582237500 


Important things to note in the above stanza is that Aryabhata considered that the 
Earth revolves around the Sun and also the self-rotation of the Earth. 


Stanza 6: 
URREA Y ARA | 
IMC SARA 118 11 


“The lunar months in a yuga which are in excess of the solar months in a yuga are 
known as the intercalary months in a yuga; and the lunar days in a yuga diminished 
by the civil days in a yuga are known as the omitted lunar days in a yuga” 


As per first stanza of Kalakriya, a year has 12 months. So, 
Number of solar months = 12 x 4320000 

= 51840000 
As per the current stanza, 
Intercalary months in yuga = 53433336 — 51840000 

= 1593336 
As per first stanza of Kalakriya, a month has 30 days. So, 
Number of lunar days in yuga = 30 x 53433336 


= 1603000080 
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As per the current stanza, 
Omitted lunar days in a yuga = 1603000080 — 1577917500 


= 25082580 
Stanza 7: 


Uday are aa Ari Ha foam | 
Aa gafr faed qu fafafasm 119 11 


"A solar year is a year of men. Thirty times a year of men is a year of the manes. 
Twelve times a year of the Manes is called a divine year or a year of the gods" 


As Manes reside in Moon & thirty lunar days is composed a lunar month, Aryabhata 
declared a day and night of Manes as 30 solar days of Earth. 
12 times a year of Manes is called divine year, So, 


1 divine year = 12 x year of Manes - 360 x year of Men 


Stanza 8: 


food ay resi zer qui fases | 
RENNES ESENCIA] 


“12000 divine years make a general planetary yuga. 1008 planetary yugas make a 
day of brahma” 


As per Arybhata, 

Yuga = 4320000 years 

A day of brahma = 1008 yugas = 1008 x 12000 divine years 
= 12096000 divine years 

= 12096000 x 360 years of men 

= 4354560000 years of men 

Stanza 9: 

Sado qa sel qerqa ado qu sy | 

Fel GIA QUA SIMA] Sd GOA Fa ls 1 


“The first half of a yuga is Utsarpini and the second half Apasarpini. Susama occurs in 
the middle and Dussama in the beginning and end. The time elapsed or to elapse is 
to be reckoned from the position of the Moon’s apogee” 
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A Brief on ARYABHATIYA 


So, the yuga time cycle is divided in two halves (i) Utsarpini (auspicious half) (ii) 
Apasarpini (Avasarpini, inauspicious half). Yuga starts with Dussama, So the other 
cycle is Dussama-Susama-Dussama. 


Last point is on taking Moon’s apogee for calculating the elapsed time and to elapse. 
This is because the abraded yuga and corresponding revolution of Moon’s apogee is 
the same as that of number of days in yuga and its own revolution number. Let us see 
abraded yuga (in days) and corresponding revolution number. 


Sun: u = 210389; v = 576 

Moon: u = 2155625; v = 78898 

Moon’s apogee: u = 1577917500; v = 488219 
Moon’s ascending node: u = 788958750; v = 116113 
Mars: u = 1381493125; v = 191402 

Sighrocca of Mercury: u = 78895875; v=896851 
Jupiter: u = 131493125; v = 30352 

Sighrocca of Venus: u = 131493125; v = 585199 


Saturn: u 2 394479375; v 2 36641 





























7. Interesting thoughts 
Gravity: 
What would happen if Earth's gravity increases very fast that it compresses itself 
infinitely? 
Earth->Liquids->Gaseous->Plasma->Electron Degeneration->Proton 
Degeneration->Neutron Degeneration->Quark Degeneration->Preon 
Degeneration->Singularity 








Stanza 10: 


AUR PRE RRE YI | 
Pattie ANARA gg AA SAATA 1 89 11 


“When sixty times sixty years and three quarter yugas had elapsed, twenty-three years 
had then passed since my birth” 


As per first line, 3600 years had elapsed since the beginning of the current kaliyuga. 
This epoch corresponds to mean noon at Ujjayini, Sunday, March 21, 499AD. At this 
time Aryabhata was exactly 23 years of age. Aryabhata was born on March 21, 476AD. 
Kali epoch can be found based on this date or it can also be obtained by observation 
on planets and Moon’s apogee by Kuttaka method. Next stanza gives reference to the 
start of the yuga. 
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We have already discussed on this in first chapter. 


Stanza 11: 


mo c 
eren armfasrcugtw er iud 83 1182 11 


"The yuga, the year, the month, and the day commenced simultaneously at the 
beginning of the light half of Caitra. This time, which is without beginning and end, is 
measured with the help of planets and the asterisms on the celestial sphere" 


As mentioned by Aryabhata, Time is endless and the beginning considered here is 
only for the purpose of measurement as it needs a beginning reference of us to start 
the time. So, a beginning a considered by observation when Caitra star which means 
at the beginning of light fortnight of Caitra when half the Sun had risen above the 
horizon at Lanka. 


So, Aryabhata mentions, time is endless in a loop of Yugas. When a yuga completes 
then next yuga will start at the same beginning and same will continue endlessly. 
As mentioned by Aryabhata, the start of yuga is defined by the position of the planets 
and asterisms. The calculation of the positions of the planets is ultimately aimed at the 
determination of time, hence the stanza. So, beginning of yuga is defined by the star 
Caitra, alignment/ position of planets and position of stars on the celestial sphere. 


Stanza 12: 


se gafa RAA MERHAR | 
RA aR IÀ a RAPATY 1R 


“The planets moving with equal linear velocity in their own orbits complete a distance 
equal to the circumference of the sphere of the asterisms in a period of 60 solar years 
and a distance equal to the circumference of the sphere of the sky in a yuga” 


As per Aryabhata, a planet moves through a distance of 173260008 yojana in 60 solar 
years and a distance of 12474720576000 yojanas in 4320000 solar years. Since there 
are 1577917500 civil days in 43200000 years, it follows that the mean daily motion of 
a planet, according to Aryabhata is (12474720576000/1577917500) yojanas or 
approx. 7905.8 yojanas. 


Stanza 13: 
HUS 3fed AUTAA AAT RAA TEA | 
SURE] Ha Hea IAA 11 23 1 


“Moon completed its lowest and smallest orbit in the shortest time; Saturn completes 
its highest orbit in the longest time” 


Author: Madhusoodhanan Ramakrishnan. 82|Page 


kkekkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk kkk 


Xr Xe Ye X6 Ye Xe YO X6 X6 X6 X6 Xe ee Be Be ie He Me Xe ee Xe ee Bb Be Bb Be Me Ae Me Me Me Be Ne Be He Me A Me Me Be Be Me be Me Me Me Me Me Me Me Bb Be Me Ne Mb Ue Mb Me ee A MA e 


Wo Fe He e e e e e e e e e e e e e fe e fe eoe e e e e HK HK KKK KH KKK KKK KK KKK 


Be Xe Be A A A Xe A A A A A A A A A A A A A Be A A A A A A A A Be A A A A A A A Be A A A A A A A MA Be A Be A A A A MA MA A Bb A Be A Be MA Be 


A Brief on ARYABHATIYA 


We have already seen the length of orbit in Githika pada Chapter Ill stanza 6. 
Calculating that method, we can find the orbit of all planets, Moon, stars and Sun. 
Orbit of the sky = 57753336 x 12 x 30 x 60 x 10 yojanas 


= 12474720576000 yojanas. 
Orbit of the Sun = 12474720576000/4320000 

= 2887666 and 4/5 yojanas. 
Orbit of the Moon = 216000 yojanas. (Smallest) 
Orbit of Mars = 5431291 and 132027/287103 yojanas 
Orbit of sighrocca of Mercury = 695473 and 373277/896851 yojanas 
Orbit of Jupiter = 35250133 and 699/1897 yojanas 
Orbit of sighrocca of Venus = 1776421 and 255221/585199 yojanas 
Orbit of Saturn = 85114493 and 5987/56641 yojanas (Longest) 
Orbit of asterisms = 173260008 yojanas. 
Stanza 14: 


3red fe Huet rer ded Wer«ied STSRISSTURT | 
aismeb etur ud fd'umgeunaeaung 1139 1! 


"The linear measures of the signs are to be known to be small in small orbits and large 
in large orbits; so, also are the linear measures of the degrees, minutes, etc., the 
circular division is however the same in the orbits of the various planets” 


In comparison with the earlier stanza, we can convert the length of the circular division 
of the orbits of different planets (this is with the assumption that they follow circular 
orbit, however, it is actually elliptical with offset). 


Moon: 1 minute — 10 yojanas. 

Sighrocca of Mercury: 1 minute — 32 yojanas. 
Sighrocca of Venus: 1 minute — 82 yojanas. 
Sun: 1 minute — 134 yojanas. 

Mars: 1 minute — 251 yojanas. 

Jupiter: 1 minute — 1586 yojanas. 


Saturn: 3940 yojanas. 
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As per the second line, the angles are the same but angular velocities are different. 
Following are the angular velocities of different planets: 


Sun: 59'8” per day; Moon: 590'35” per day; 

Moon’s apogee: 6'41” per day; Moon’s ascending node: 3'11" per day; 
Mars: 31'26" per day; Signrocca of Mercury: 4deg 5' 32" per day; 
Jupiter: 4' 59"per day; Sighrocca of Venus: 1deg 36' 8" per day; 


Saturn: 2'0" per day. 
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32. Do you know? 




















Testimonies from two French mathematicians: 


* “The ingenious method of expressing every possible number using a 


set of ten symbols (each symbol having a place value and an 
absolute value) emerged in India. The idea seems so simple 
nowadays that its significance and profound importance is no longer 
appreciated. Its simplicity lies in the way it facilitated calculation and 
placed arithmetic foremost amongst useful inventions. The 
importance of this invention is more readily appreciated when one 
considers that it was beyond the two greatest men of Antiquity, 
Archimedes and Apollonius." — Laplace (early 19'^ century) 


*The Indian mind has always had for calculations and the handling of 
numbers an extraordinary inclination, ease and power, such as no 
other civilization in history ever possessed to the same degree. So 
much so that Indian culture regarded the science of numbers as the 
noblest of its arts.... A thousand years ahead of Europeans, Indian 
savants knew that the zero and infinity were mutually inverse 
notions....” — Georges Ifrah (1994) 




















33. Do you know? 








“A tho 


e p Ti 


Khachheda means “divided by kha”; 
Kha (space) stands for zero; 
“Divided by zero” = infinity. 


— Brahmagupta, 
Brahmasphuta Siddhánta (628 CE) 




















Author: Madhusoodhanan Ramakrishnan. 
dd d Gbed x d 3 EX Te RPP OT Ve OO CO 


85 | P 


X e e A Be A A e e A A A A A A A e ae A A MM A e a e A A e e A Be A A e A A A e e e e ae e A e Me A e A A A A A a A Be e A A e 


x Fe He ec e e e e e e e e ec oe e e fe e fe eoe e e e e e e e e e e eoe e e e e e e e eoe eoo 


A Brief on ARYABHATIYA 








34. Do you know? 


India was a pioneer in many technologies. 




















Vidyádhara yantram. 


Tiryakpttana yantram. 


* Metallurgy (bronze, iron, wootz, * Perfumes & cosmetics 
zinc...) * Medicines 

* Pottery (ceramic, faience...) * Chemistry and alchemy 

* Pigments (painting, dyeing...) 














35. Do you know? 


Sites where wootz steel was 
prepared (note Kodumanal 
near Coimbatore). 


The Delhi Iron Pillar: a thin layer of 
iron and phosphorus compound 
makes it rustproof, even after more 
than 1500 years. 
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Stanza 15: 


UT RARAS | 
UY e HANAH GAT 11 84 1 


“The asterisms are the outermost. Beneath the asterism lie the planets Saturn, Jupiter, 
Mars, the Sun, Venus, Mercury and the Moon one below the other; and beneath then 
all lies the Earth like the hitching pug in the midst of space” 


This stanza explains the order of planets positioned in solar system considering 
geocentric approach. Considering the Aryabhata shared sighrocca of Mercury and 
Venus, it is clear that he considered Mercury and Venus revolving the Sun inbetween 
the Earth and the Sun, the way Moon does the Earth. 


Stanza 16: 
HA Ud SRTSSINSTHSRS SITUE H SÍIIT | 
Par equis uar spiiaunerun 1138 11 


"The above mentioned seven planets beginning with Saturn, which are arranged in the 
order of increasing velocity, are the lords of the successive hours. The planets 
occurring fourth in the order of increasing velocity are the lords of the successive days, 
which are reckoned from sunrise at Lanka" 


That is to say, the lords of the hours are Saturn, Jupiter, Mars, Sun, Venus, Mercury, 
Moon, Satrun, Jupiter,.... 


And the lords of the seven days cycle (week) 
Saturn, Sun, Moon, Mars, Mercury, Jupiter, Venus, Saturn, Sun,... 


It can be noted that as per Aryabhata, the first day of the week start from Saturday. 


Stanza 17: 
PERMITE ARA rd enam | 
mde Tent AA «rua RE 1120 11 


"All the planets move by their mean motion on their orbits and their eccentric circles 
from the apsis eastward and from the conjunction westwards" 


The mean planet moves with its mean motion on its orbit the center of which is the 
center of the Earth. The true planet moves with its mean motion on an eccentric circle 
(elliptic path) the center of which does not coincide with the center of the Earth. 
Kaksya or Kaksyamandala means the orbit on which the mean planet moves. 
Pratimandala means eccentric circle on which the true planet moves. Because of the 
eccentricity of this second circle the planet is sometimes seen ahead of and 
sometimes back of its mean place. 
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A Brief on ARYABHATIYA 
Stanza 18: 
peruse w w uaus Haf UNA | 
yansa H AHAAA 112 11 


“The eccentric circle of each planet is equal to its kaksyamandala (the orbit on which 
the mean planet moves). The center of the eccentric circle is outside the center of the 
solid Earth” 


Sharing orbital length of planets from Gitika pada for reference. 
Orbit of the sky = 57753336 x 12 x 30 x 60 x 10 yojanas 
= 12474720576000 yojanas. 
Orbit of the Sun = 12474720576000/4320000 
= 2887666 and 4/5 yojanas. 
Orbit of the Moon = 216000 yojanas. (Smallest) 
Orbit of Mars = 5431291 and 132027/287103 yojanas 
Orbit of sighrocca of Mercury = 695473 and 373277/896851 yojanas 
Orbit of Jupiter = 35250133 and 699/1897 yojanas 
Orbit of sighrocca of Venus = 1776421 and 255221/585199 yojanas 
Orbit of Saturn = 85114493 and 5987/56641 yojanas (Longest) 
Orbit of asterisms = 173260008 yojanas. 
Stanza 19: 
aia aida a al aa tag | 
JOUR TERA HARTA MARA US 113811 


“The distance between the centre of the Earth and the centre of the eccentric circle ¡s 
equal to the semi-diameter of the epicycle of the planet. All the planets undoubtedly 
move with mean motion on the circumference of the epicycle” 


At the end of this chapter, we will discuss on the epicycle model of planetary motion 
shared by Aryabhata. 


Stanza 20: 


ARR ec ea eae ei Tera ech SATA | 
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“A planet when faster than its ucca moves clockwise on the circumference of its 
epicycle and when slower than its ucca moves anticlockwise on its epicycle” 


The planet moves on its epicycle pratiloma fromits sighrocca and anuloma from its 
mandocca. On the epicycle of the apsis the motion should be exactly the reverse of 
these. 


Anuloma means “ahead” and pratiloma means “behind”. So, Anuloma and Pratiloma 
refers to the planets position with reference to the mean planet as ahead of it or behind 
it. During the half of a planet’s revolution on its epicycle the planet is ahead of the 
mean planet and during half of its revolution is behind the mean planet. 
We will see method of finding the position of planets in next stanza. 


Stanza 21: 
SHARE ATREA RETA qa i 
e RUIHUSCKTHSdquHel REA | 22 1 


“The epicycle move anticlockwise from the apogees and clockwise from the 
sighroccas. The mean planet lies at the centre of its epicycle, which is situated on the 
planet’s orbit” 


Stanza 22: 


OUTAGE RAG TOAST SATE | 
UV HAY Aare sel Bot est Yates G_ 11 22 II 


“The correction from the apogee for the four anomalistic quadrants are respectively 
minus, plus, plus and minus. Those from the sighrocca are just the reverse. In the 
case of the superior planets Saturn, Jupiter and Mars, first apply the mandaphala 
negatively or positively as the case may be” 


First point is on the sign convention based on the quadrant which is similar to our Sine 
and Cosine convention. 


Correction from the apogee = -correction for the | quadrant «correction for the Il 
quadrant «correction for the Ill quadrant — correction for the IV quadrant 


Correction from the sighrocca - «correction for the | quadrant -correction for the Il 
quadrant -correction for the III quadrant + correction for the IV quadrant 


In general, the above formula combine with the method explained in Gitika pada can 
be combined to calculate mandaphala & sighraphala corrections. 


Mandaphala = Rsin(planet’s mandakendra bhuja) x manda epicycle/360 
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Sighraphala = Rsin(planet's sighrakendra bhuja) x sighra epicycle x R/ (360 x H) 
H is planets sighrakarna. 

We will geometric representation of the above in coming days. 

Stanza 23: 

dama a Bui rt Tey Ay | 

EA ERRE PARAR R3 1 


“Apply half the mandaphala and half the sighraphala to the planet and to the planet's 
apogee negatively or positively. The mean planet then corrected for the mandaphala 
calculated again from the new mandakenara is called the true-mean planet and that 
true mean planet corrected for the sighraphala calculated again is known as the true 
planet" 


As per the above stanza, for calculation true position (true longitude) of the planet, first 
apply half of the mandaphala to the mean longitude of the planet negatively or 
positively, mandakendra is less than or greater than 18deg. Same way to the longitude 
of the planet's apogee in reverse. Then, apply half of sighraphala to the corrected 
longitude of the planet's apogee negatively or positively, sighrakendra is less than or 
greater than 180deg. 


From the corrected position of the planet, do the above again to get true position of 
planet. 


Stanza 24: 
Maa alg axdod 350i tri vau-ated | 
Saa q yal Rrarerareupet uaew 113v 1l 


"In the case of Mercury and Venus apply half the sighraphala negatively or positively 
to the longitude of the planet's apogee according as the sighrakenara is less than or 
greater than 180deg. From the corrected longitude of the planet's apogee, calculate 
the mandaphala afresh and apply it to the mean longitude of the planet; then are 
obtained the true-mean longitudes of Mercury and Venus. The sighraphala calculated 
afresh, having applied to then they become true longitudes." 


Stanza 25: 
JARA EA RR PUR | 
Sarai ad aaa 1135 1I 


“The product of the mandakarna and the sighrakarna when divided by the radius gives 
the distance between the Earth and the planet. The velocity of the true planet moving 
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on the sighra epicycle is the same as the velocity of the true mean planet moving in 
its orbit of radius equal to the mandakarna" 


That it, the distance between the Earth and a planet is equal to (mandakarna x 
sighrakarna) / R. 


With this Kalakriya is over. We will see geometric representation of some stanza of 
kalakriya for better understanding. Some part of which is also required to understand 
next chapter, Golapada. 


To calculate true planetary position on a particular day at sunrise for any place, there 
are few corrections required to be applied on mean planetary position. Correction are 
of two kinds (1) manda correction (2) sighra correction. For the Sun and Moon, the 
first correction alone suffices to calculate the true position. For other planets (Mercury, 
Venus, Mars, Jupiter and Saturn), both corrections are necessary. Reason is simple, 
Moon revolves around the Earth and Earth being the focus of revolution. As, Earth 
revolves about itself, Sun relatively revolves around Earth and Earth being relative 
focus of revolution. However, for other planets, Earth is not the center focus of 
revolution and needs an additional correction for calculating true position by geocentric 
approach. 


By first approximation, the mean planetary positions signify that we have presumed 
that the planets are going in a circle. The manda-karna is therefore intended to get the 
corresponding position in the  ellipse from the position in the circle. 
There are two concepts of (i) Eccentric theory & (ii) Epicyclic theory. First, we will see 
Eccentric theory. 


Eccentric theory is stated in stanza 18 of kalakriya pada. "The eccentric circle of each 
planet is equal to its kaksyamandala (the orbit on which the mean planet moves). The 
center of the eccentric circle is outside the center of the solid Earth". Since the center 
of the eccentric circle is outside the center of the Earth with an eccentricity, 
Bhujaphalam, Equation of centre is considered in case of mandaphala. This is used 
as correction required for planets to convert their mean position to true position. 


Let A be the center of the Earth. Let P be the mean planet which goes round in a circle 
whose center is A. Let B be the center of the circle, in which the planet actually moves 
with radius same as the earlier circle. 


The circle A is the mean orbit, whereas the circle B is the true orbit. The mean planet 
moves on the mean orbit called as the deferent. The position of the true planet in the 
eccentric circle B namely Q will be such that PQ is parallel and equal to AB. Here, AP 
- BQ. Also, we can see that when B is vertically above A and when the radii of the two 
circles are equal, every corresponding point of the circle A will be vertically moved by 
the same distance AB. Join AQ to cut the circle A in T, which is said to represent the 
true planet. Evidently when the planet is at N in the mean orbit, the planet is at M, in 
the eccentric, which point is called the mandocca. 
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When the planet is at R in the mean orbit the planet is at S in the eccentric. Please 
note that these points M € S corresponds to the apogee and perigee in the case of 
the mandaphala correction, i.e., equation of the center. 


When the planet is at M in the eccentric, the position of the true planet coincides with 
N, the mean planet, so that the mandaphala correction is zero. Similarly, the true 
planet at R being in the same direction as AS, there also the mandaphala is zero. 
When the planet is at P, since the true planet is at T, the correction mandaphala PT is 
negative. When the mean planet is at P’ on the right, the true planet will be at T’ so 
that correction P’T’ is positive. The angle NAP is called mandakendra which 
corresponds to Mean anomaly of modern astronomy. So, when mean anomaly is 
between Odeg to 180deg then mandaphala (equation of center) is negative. At Odeg 
and 180deg (apogee and perigee), mandaphala is zero. When mean anomaly is 
between 180deg to 360deg, mandaphala is positive. 





In case of sighraphala, to get the geocentric planet from the heliocentric, we construe 
the longitude of the sighrocca minus the longitude of the planet as the kendra. The arc 
PT is approximately taken to be equal to QL the perpendicular dropped from Q on AP 
produced. This approximation can be considered as the difference will not be much in 
the case of the equation of centre. From similar triangle stanza 15 of Ganita pada. 


QL/ PQ = PK/ AP = Sinm 

QL = PQ x Sin m = PT (approx..) = mandaphala or equation of center 
Here, in modern astronomy, same is 

2e x Sin m + (5/4) x e^2 x Sin (2m) 


Which is approximately, 
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PQ x Sin m = 2e x Sin m 
PQ = 2e 
which is called antyaphala (maximum equation of center). 


In Epicyclic theory, the circle A is the mean orbit. Let P be the mean planetary position. 
The small circle as shown in figure is called the epicycle. The position of the true planet 
Q is always taken to be such that PQ is parallel to AN. The length of PQ is equal to 
the length of AB, the distance between the two centers of the mean orbit and the true 
orbit, both eccentric and epicyclic theory give the same position of the true planet. 


QL = PQ x Sin m. 


Aryabhata gave the value of circumference of the epicycle of planets instead of PQ, 
radius of epicycle. Also, these circumferences are shared in degree by Indian 
astronomers which will help in getting the equation of centre in degree. 





As already mentioned, sighraphala is applicable only for the planets Mars, Mercury, 
Jupiter, Venus and Saturn. This is because they revolve not around the Earth, but 
round the Sun. Hence this sighraphala is for converting heliocentric position to 
geocentric. 


Now, in case of the equation of centre, considering the arc PT as roughly equal to QL 
(because the equation of time is small). In case of sighraphala, this is larger, so we 
have to find this value. Here, 


EQ is called Sighrakarna. 
K*2 = EQ"2 x (EP«PL)^2 4 QL^2 


K^2 = EN^2 + QN^2 
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Here, K is EQ, EP = R (triya), PQ is antyaphala or maximum sighraphala, QL is 
bhujaphala 8 PL is kotiphala, QN = PK caled bhuja, EK is koti. 


So, 
K^2 = (triya + kotiphala)*2 + bhujaphala^2 


= R42 + a^2 +/- 2R x kotiphala 

K^2 z (koti--bhujaphala)^2 + bhuja*2 
- R^2 + a^2 +/- 2a x koti 

Also, PT/LQ = ET/EQ (approximately) 

PT=ETxLQ/EQ 
=RxLQ/K 

But, LQ/PK = PQ/EP 

So, 

PT =R x PQ x PK /(K x R) 
=axPK/K 


= H Sin m (Hindu Sine) 


Here, m is called sighra anomaly, PT = Sighraphala = a Sin m, K Is sighrakarna. 


a 











8. Interesting thoughts 








Can the above process reverse from Singularity? 








constant (with the help of laws that govern substance)? 


What is this Singularity? Properties of this Singularity? Why a name Singularity? 


Can you prove that total mass of all substance in the universe at any given time is 
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Chapter VI. Gola Pada 


Stanza 1: 
ASPAS E SEA f aara | 
asia We e aa Wa 11211 


“One half of the ecliptic, running from the beginning of the sign Aries to the end of the 
sign Virgo, lies obliquely inclined to the equator northwards. The remaining half of the 
ecliptic running from the beginning of the sign Libra to the end of the sign Pisces, lies 
equally inclined to the equator southwards” 


This shows the movement of the Sun with respect to the obliquity towards Northern 
and Southern hemisphere. It is observed with respect to the distant star. It begins with 
star Aries to Virgo in North of equator. It begins with star Libra to Pisces in South of 
equator. 
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Stanza 2: 


IRAIA HAA A EA hA | 
soled Hse al wate Radar 112 1 


“The Sun, the nodes of the planets, and the node of the Moon move constantly along 
the ecliptic. The shadow of the Earth moves along the ecliptic at a distance of 
180degrees from the Sun” 


It is simple, like a ball placed in front of light and the rear side of the ball which is half 
the ball will be dark due to the shadow of the ball. Same way, the shadow of the Earth 
moves at a distance half a circle and moves along the ecliptic as the Sun moves in 
ecliptic relatively to Earth. 


Nodes of the planets and Moon also moves constantly along the path of the ecliptic. 
Planets and the Moon intersect the node ecliptic at two points, ascending node and 
descending node. 


Stanza 3: 
SAUS AA Aaa ad ARO GU | 


PURA Yi Ra O UTA 113 1 


“The Moon moves to the north and to the south of the ecliptic from its nodes. So also 
do the planets Mars, Jupiter and Saturn. Similar is also the motion of the sighroccas 
of Mercury and Venus” 
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As per Aryabhata, Mercury and Venus revolve round the Sun with the velocity of their 
sighroccas and so the latitudes of Mercury and Venus are really the latitudes of their 
sighroccas. 


For Moon, 


R x Sin (latitude) = R x Sin (true longitude of Moon-True longitudes of ascending node) 
x R x Sin(inclination of orbit to the ecliptic) / Moon’s true distance or mandakarna 


For Mars, Jupiter and Saturn, 


R x Sin (latitude) = R x Sin(true longitudes of the planet — true longitude of ascending 
node) x R x Sin (inclination of the ecliptic) / Distance of the planet form the Earth 


(refer Kalakriya pada stanza 25) 
For Mercury and Venus, 


R x Sin (latitude) = R x Sin (true longitude of planet — true longitude of ascending node) 
x R x Sin(inclination of the planet to the ecliptic) / distance of planet from the Earth) 


Stanza 4: 
TER SIGNS aC RITE | 
TAR RA RAS RASAU ATR | ¥ 


“When the Moon has no latitude, it is visible when situated at a distance of 12 degrees 
from the Sun. Venus is visible when 9 degrees distance from the Sun. The other 
planets taken in order of decreasing sizes viz., Jupiter, Mercury, Saturn and Mars are 
visible when they are 11, 13, 15 and 17 degrees of time distant from the Sun” 


One degree of time is equivalent to 4 minutes. When the moon is ahead of the Sun, is 
visible towards the west if the arc of the ecliptic joining the Sun and the Moon takes 
atleast 12 x 4 (48 minutes) in setting below the horizon and when behind the Sun, it is 
visible towards the east if the arc of the ecliptic joining the Sun and the Moon takes at 
least 12x4 (48) minutes in rising above the horizon. The Moon will be visible at a place 
if the time interval between Sunrise and Moonrise or between Sunset and Moonset, 
amounts to 12 x 4 minutes or more. This is applicable if the Moon has no latitude. 
Above stanza explains the waxing of Moon. It can be seen that we get to see Full 
moon when the moon rise and sun rise is separated further apart. Also note that due 
to declination of Moon orbital axis, we get to see full moon as we(Earth) don’t block 
the light from Sun onto Moon. As per Aryabhata, source of light is only Sun and all the 
other planets and Moon only reflect the Sun light. 


Also, we get to see a Lunar eclipse when the Sun rise and Moon rise is farther part 
and they meet in their orbital path that is at the node. 
Same applies to other the planets visibility also. It is to be noted that visibility of the 
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planets and Moon are related to Sunrise and Sunset (position of Sun) as they are only 
reflecting the Sun's light. 


If they have their own light then Sun's position should not matter to see them from 
Earth even if Earth's shadow falls on them. 


Stanza 5: 


WSU Met Healy as Taar faut | 
AMA AUR UA ARA 11 1i 


“Halves of the globes of the Earth, the planets and the stars are dark due to their own 
shadows; the other halves facing the Sun are bright in proportion to their sizes” 


Aryabhata, in this stanza, clearly brings out that the Sun is the source of light for the 
brightness of the planets, Earth and even the stars. His reference to stars and their 
brightness is not correct. It is to be noted that he refers to the shape of Earth and 
planets as spherical. 


Next lines, on the rear portion of the Earth and planet, the night time, darkness due to 
their shadows of their own. 


Stanza 6: 
JAVI PURA | 
Aqua ARG AAAS TRA daa 11 & 1 


“The globe of the Earth stands in space at the centre of the circular frame of the 
asterism surrounded by the orbits; it is made up of water, earth, fire and air and is 
spherical” 


Pupil of Aryabhata, Somesvara says that, as per Aryabhata, "the Earth, mother of all 
beings, stands motionless in space" is against the teachings of Aryabhata and also 
about the information shared in earlier chapters. However, he concludes in considering 
this for deriving the position and motion of other planets. This stanza is put forth to 
consider geocentric concept to arrive at the position of the planets, Moon and Sun. 
Aryabhata referred to the shape of Earth as spherical numerous time in his work and 
also he refers that Earth is made of water, Earth (solid masses), fire and air. 


Stanza 7: 
Age GPA AARP SA | 
dae TRIGUEROS HAA I O 


"As the bulb of kadamba flower is covered all around with blossoms, the globe of the 
Earth is covered by creatures terrestrial and aquatics" 
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This stanza is about the outer layer which covers the Spherical Earth. We live in the 
surface of the Earth which is like a globe shaped spherical kadamba flower with so 
many blossoms around it. 


Stanza 8: 
aida iguala wafd gia | 
RAGAA VA GARA AER TAR 11 1 


"During a day of Brahma, the size of Earth increases externally by one yojana; and 
during a night of Brahma which is as long as the day, this growth of the Earth is 
destroyed" 


As per geologist, the rate of the increase in size varies as per location on Earth and 
time. Minimum rate of uplift at Himalayas is about 6in per century, whereas in 
Greenland it is about 3mm per year. 


Also, astronomers believe that size of Earth can also increase by very little amount by 
the bombardment of meteorites on Earth. 


This upliftment is due to the tectonic plate movement which is very slow (at 
approximately equal to the growth of our finger nail) but significant over many years. 
They are one of the reason for Earth quakes. When these plates slide over another, 
they compress the below plate and also the top plate climb over bottom. This will 
create local upliftment. Force acting on these plates for their movement is so high that 
it lifts the plate rubbing over another and overcoming gravity force acting downwards 
towards the center of mass of Earth. 


Stanza 9: 
STATA ua sra fami ag | 
Saa UA TR RAE erg am 118 11 


"Just as a man in a boat moving forward sees the stationary object on either side of 
the river as moving backwards, just so are the stationary stars seen by people at lanka 
moving exactly towards the west" 


This stanza is about the apparent relative motion of star due to Earth's rotation. 
It can be noted that Aryabhata mentioned lanka here to denote at equator. As the 
movement of star may not be exactly towards the west closer to the poles. Also same 
is applicable for the stars position relative to Earth's rotation axis relatively. Refer 
stanza 31 of Ganita pada for relative motion as this stanza is derived from that. 
Aryabhata was the first during his time to share Earth's rotation and relative motion of 
stars due to this rotation. 


Stanza 10: 


Author: Madhusoodhanan Ramakrishnan. 100 | Page 


kkekkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk kkk k 


Xr Xe Ye Xe Ye Xe X6 X6 X6 X6 ee Me ee Be Be Me Ee Me Xe ee Xe ee Bb Be Bb Be Me He Me Me Me Be Ne Be Me Me Me le Be Me A Me Me Me Me Me Me Me Be Ne Me Ne Mb Ne Mb We ee Me A e 


Wo Fe He e e e e e se e e e e oe e e fe e fe eoe e e e e fe e e e e e eoe e e e e e e e eoe eoe ox 


Be Xe Be A A A Xe A A A A Be A A A A A A Be A Be A A A A A A A A Be A A A A A A Be MA Be A A A A A A A A A A A A A e e A A Bb A Be A A A Be 


A Brief on ARYABHATIYA 
ganna AA A aeo arga fart 1 
eg NIHUÍSIERTRIUSRGRTUGST YAA 1130 11 


"The entire structure of asterism together with the planets were moving exactly 
towards the west of lanka, being constantly driven by the provector wind, to cause 
their rising and setting" 


This is continuation of earlier stanza. Here pravahavayu is the wind that impels the 
planets to move towards their ucca. 


Stanza 11: 


FORA Rada URETA | 
+A A AR ARA 1122 11 


"The Meru is exactly one yojana is height. It is light producing, surrounded by the 
Himavat mountains, situated in the middle of nandana forest, made of jewels and 
cylindrical in shape" 


Probably Aryabhata is pointing North pole as mount meru here and colorful jewels are 
Auroras seen at North pole. It is not clearly on what is mount Meru which is mentioned 
in various Hindu texts. Aryabhata would have guessed that it is at North pole. 








9. Interesting thoughts 





Prithvi: 

There is a famous thought, if you think too deep about something then you become 
that thing. We depend so much on substance and we follow lifecycle of a substance. 
Eg: If | ask you, how much amount of water was there in this Earth 1000 years 
before then you would wonder And say that water doesn't go out of this Earth. So, 
we consume but eventually it goes back to Earth and the same water purified by 
mother Earth comes back, without its earlier impure trace. So, amount of water is 
same in Earth. Another one, you know, | like Helium balloons because most of 
helium in balloons are the same one which existed around 3min from creation of 
this universe, Touch of god (ofcourse it is there is all which exists). Coming back to 
water, similar to water, number of Atmas in this universe is same and eternal. Water 
goes inside our body and comes out with impurities again goes inside another body 
and so on. We depend more on substance and follow the same cycle. 




















Stanza 12: 
Me UA RES q ana | 
SRRA HAA RER SURAT 11-821 
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"The heaven and the Meru mountain are at the center of the land. The hell and the 
Badavamukha are at the center of water. The gods and the demons consider 
themselves positively and permanently below each other" 


Considering heaven as North pole as most of the land in Earth is towards the north 
and hell as south pole which is surrounded by water. Even veda describe that heaven 
is towards the North. 


Now interestingly one day of demigods is one human years. At North pole, one day is 
six months and night is six months. Hence, Aryabhata considered that Meru and 
heaven at Northpole and the opposite of it as hell. 


Other interesting facts to note is that Mount Meru is considered as the center axis of 
Earth rotation as the entire cosmos revolve relatively around the axis. There is a Mount 
Meru in Tanzania, which roughly corresponds to the geographic Center of the 
Earth.The Mountain is even worshipped by the local tribes as an abode of Gods. 
In the country Kenya, we also find a town with the same name. Another ancient 
Sanskrit text, the Narpatijayacharya mentions Sumeru as being present in the middle 
of the Earth, but not visible to humans. Aryabhata would have taken Meru from other 
references and considered North pole to be the location as it matches the one year as 
one day equation. 


Stanza 13: 
gamme Teas ER | 
rar aaa dura RRE CAT | 83 1 


"When it is sunrise at lanka, it is sunset at siddhapura, midday at yavakoti, and 
midnight at romaka" 


The time-distance relation is shared by Aryabhata. Place mentioned in the stanza are 
supposed to lie on equator and separated by one quarter of Earth's circumference on 
the equator. 


Stanza 14: 
RAMAS Y PR dq aqui 1 
srt erg Tama ARA AAA 1128 111 


"From the centers of the land and water, at a distance of one quarter of Earth's 
circumference lies Lanka; and from Lanka, at a distance of one fourth thereof lies 
Ujjayini" 


From above stance, it is clear that the prime meridian passes through Lanka and 
Ujjain. The latitude of Ujjain as per Aryabhata is at 22.5 deg from the Lanka towards 
North. However, as per Brahmagupta, it is 24deg. 
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It can be noted that the location of Ujjain is important as it may define cape of cancer 
line. Also, Brahmagupta would have observed that the No shadow noon cannot be 
observed North of Ujjain. However, Aryabhata would have observed that Ujjain is 
slightly inside that line (cape of cancer). 


Considering the refraction of sunlight it is surprising to see the selection of place for 
astronomical studies in such older times. They need clear night sky and a location with 
no mountain nearby to hide Sunlight to study their movement. 


Stanza 15: 
YOR HI St ERS CMT SAHA | 
ae yeast wore sete q U 1124 11 


"One half of the Bhagola as finished by the Earth's semidiameter is visible from a level 
place which is free from any obstruction; the other one half as increased by the Earth's 
semidiameter remains hidden by the Earth" 


Let us start with few terms. The Sanskrit terms for the celestial sphere are 
bhagola, i.e., sphere of the stars [bha-star or planet; gola- sphere], and khagola, i.e., 
hollow sphere or sphere of the sky or celestial sphere [kha- hollow, sky, heaven]. The 
term bhagola was used for the celestial sphere centred at the Earth's centre, while 
khagola denoted the sphere centred at the observer. Aryabhata began the chapter 
"Gola" with a brief description of the bhagola and khagola and used them to 
demonstrate the motion of the celestial bodies, the bhagola was used for describing 
the motion of the Sun, the Moon, and the planets in their orbits; the khagola for the 
apparent daily motion of the heavenly bodies due to Earth's rotation. 
Now let us also see parallax error while observing sky. The geocentric model of 
celestial sphere, presenting the universe as it appears to the observer, provides a 
convenient framework for the computational study of those astronomical phenomena 
which essentially involve the directions of celestial objects when viewed from the 
Earth. Modern texts on basic astronomy, therefore, begin with a chapter on the 
celestial sphere. In standard planetarium shows, the relative positions (i.e., directions) 
of celestial objects are depicted on a dome representing the celestial sphere. 
Observers at different places on Earth get different pictures of the celestial sphere. 
This is because the horizontal planes at two distinct points on the Earth's surface are 
different. Two observers at different spots see different portions of the sky. Moreover, 
even if a star is seen by both observers, its orientations towards the two horizons are 
different. For a simultaneous analysis of the situations at different places, it would be 
desirable to envisage a common centre of observation. The centre of the Earth is a 
natural choice. Therefore, while it is undoubtedly convenient to consider the sphere 
centred at the observer at a place O, it might also be necessary to reduce the observed 
directions of celestial bodies (as observed from O) to the corresponding geocentric 
directions- the directions of the celestial objects that would be observed by a 
hypothetical observer at the centre of the Earth C positioned along CO (i.e., parallel 
to the observer at O). The angle between the observed direction of a heavenly body 
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X and its geocentric direction, i.e., the angle subtended by CO at X, is called the 
geocentric parallax of X. 





"One half of the bhagola, diminished by the Earth's radius, is visible from a level 
surface. The (view of) other half, increased by the Earth's radius, is cut off by the 
Earth". The focus on bhagola for the Sun, the Moon, and the planets, is perhaps a 
reflection of the concern for accuracy (refer geocentric parallax). 
Refer second image, for a person at O1 observing Sun at the horizon, oberserver is 
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actually observing from Earth's surface but not from a view point from the center of 
Earth or O2. 


Stanza 16: 
“aqua aa al GARNER | 
ard q erro afar Wan 1128 11 


"The gods living in the north at the Meru mountain, at the north pole, see one half of 
the bhagola as revolving from left to right; the demons living in the south at the 
Badavamukha, at the south pole, on the other hand, see the other half as revolving 
from right to left" 


As we have seen what is a bhagola in earlier stanza now it is important to understand 
the motion referred here. Bhagola revolution here denotes the movement of the stars 
excluding Sun. There are few assumption here as the stars are considered fixed and 
the revolution is due to the revolution of Earth about its axis. 
The relative positions of the stars appear to be fixed; ¡.e., the angle subtended by two 
such stars does not seem to change with time. Hence, the stars are referred to as 
fixed stars to distinguish them from other celestial objects (e.g., planets). Ancient 
Indian astronomers used the term naksatra for fixed star and taragraha for a planet. 
In reality, the stars travel in space in different directions at different velocities. 
However, all stars (other than the Sun) are several light years away from Earth. Due 
to the enormous distances, the relative angular displacements between the stars 
become too minute to be noticed by the unaided human eye. Only around 200 stars 
are known to have an angular motion at a rate exceeding 1 second per year. But such 
tiny shifts in relative positions can no longer be ignored when one considers huge time 
intervals. 


So, Aryabhata, in this stanza shared the movement of Bhagola as seen by an observer 
standing at North and South pole facing towards Equator. We know these things now 
and the content of this stanza may look simple but considering his timeline to conclude 
on this point he had to observer and experiment the same with simulation. Remember, 
we know the history of science where people got heavily criticized when they shared 
that Earth is not flat but a sphere. Aryabhata in his work has shared many more 
information further to that. We will see information on the simulation he did in upcoming 
stanzas. 


Stanza 17: 
a a ¿q usur afad xfd qui mani i 
TRAN ag TRIPs sel SF APAMT 11 26 1 


"The gods see the Sun, after it has risen, for half a solar year, so is done by the demons 
too. The manes living on the Moon see the Sun for half a lunar month; Men here see 
it for half a civil day" 
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All stanza in Aryabhata are either by precise observation or by logical conclusion of 
the observations made by him. In this stanza, first line is on the solar day time scale 
as seen by people in Heaven and hell. As seen earlier Heaven and hell are located at 
the North and South pole respectively. We know that above artic circle they can see 
Sun for six month. For Aryabhata to conclude on this he would have to consider the 
tilt of the Earth for self rotation and revolution of Earth around Sun in different axis. 
Also, this is to be done without being an observer at those locations. With shadow 
observation this could have been made by him. 


Next, Solar day on Moon. Let us see what is tidal locking, because this can be a 
method Aryabhata followed to conclude of solar day time scale on Moon. A lunar day 
is the period of time for Moon to complete one rotation on its axis with respect to 
the Sun. Due to tidal locking, it is also the time the Moon takes to complete 
one orbit around Earth and return to the same phase. Tidal locking (also called 
gravitational locking and on-orbit locking), in the best-known case, occurs when an 
orbiting astronomical body always has the same face toward the object it is orbiting. 
This is known as synchronous rotation: the tidally locked body takes just as long to 
rotate around its own axis as it does to revolve around its partner. For example, the 
same side of the Moon always faces the Earth, although there is 
some variability because the Moon's orbit is not perfectly circular. Usually, only 
the satellite is tidally locked to the larger body. However, if both the difference in mass 
between the two bodies and the distance between them are relatively small, each may 
be tidally locked to the other; this is the case for Pluto and Charon. 
Now, by observation Moon's scars, one can conclude that Moon is tidal locked. By 
that, Moon's relative rotation about Sun can be concluded. As Aryabhata shared, on 
Moon, a solar day is half a lunar month which is about two weeks. Last point is about 
our civil day time scale which we all observe every civil day. 
All minute dust in air gets accumulated at the poles. Note that dust got accumulated 
at the poles during earlier ice age which is also a scientifically accepted theory. 
So, let us say, based on our karma, our atma will either move towards North or South 
pole. South pole is hell surrounded by water which is colder than north pole. North 
pole is heaven which is warmer than south pole and much better for life. Let us say 
with special grace if atma can gets a special power of travelling forward and backward 
in light with light itself as medium. Also much faster than light itself. 
In such cases, atma can travel backwards in Moon's light and reach Moon which can 
be pitruloka. If atma travels in Sun's light and passing through Sun light to the end of 
celestial sphere through stars then it can reach moksha. 
Now check Aryabhata's above stanza. You may see that time scale considered for 
different lokas in the path of liberation to heaven, hell or moksha may also match. lt is 
astonishing to see the observation on Solar day time scale by Aryabhata at poles and 
at Moon. 


Stanza 18 & 19: 
qafux ad usd Y AÍTO a Ua | 
fafast AUR Uri da Sara 1121! 
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A Brief on ARYABHATIYA 
qatuxfasend fàrfersraamrareg end uq | 
Husa Ud dea qa fa 112811 


"The vertical circle passes through the east and west points is the prime vertical, and 
the vertical circle passing through the north and south points is the meridian. The circle 
which goes by the side of the above circles and on which the stars rise and set is the 
horizon. The circle which passes through the east and west point and meets at a 
distance equal to the latitude from the horizon is called equatorial horizon or six o'clock 
circle (SUS, Unmandalam) on which the increase and decrease of the day and 
night are measured" 


Let me explain something on the celestial sohere before we go inside this stanza. 
Now, considering the radius of the celestial sohere, radius of Earth is very small and 
be considered negligible. Also, the height of the observer is negligible even when 
compared to the Earth radius, so let us consider the view point of observer as center 
of the celestial sphere. Note view direction exactly above the observer may change 
based on the location of the observer. 





Refer drawn image below for clarity. The great circle of celestial sphere in which the 
horizontal tangent plane to Earth's surface, at position of the observer, meets the 
celestial sphere, is called the celestial horizon delas, Ksitijam). The observer sees 
only the portion of the celestial sohere above the horizon. In image, the invisible portion 
of the celestial sphere and its circles are indicated by black inner line. The rising and 
setting of the stars and planets take place on the horizon towards the east and west 
respectively. The great circle of the celestial sohere whose plane is perpendicular to 
the axis of the celestial sphere (line joining the celestial poles) is called the celestial 
equator. Thus, as with the axes of rotation, the plane of the celestial equator is parallel 
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to the plane of the Earth's equator (niraksa), the two planes practically coincide. Half 
the celestial equator is above the celestial horizon. The celestial poles are the poles 
of this great circle. Thus each fixed star traverses a circular orbit parallel to the celestial 
equator maintaining a constant angular distance from the celestial poles. The 
celestial equator is the fundamental great circle used for defining measures of time. 
The zenith is the point on the celestial sphere vertically overhead. Thus the line joining 
the zenith and the observer is a vertical line perpendicular to the plane of the horizon. 
Any great circle through the zenith is called a vertical great circle. The vertical great 
circle through the celestial poles is called the observer's meridian or celestial meridian. 
The point below the celestial north pole where the observer's meridian meets the 
horizon is called the North point. The point on the horizon opposite the North point is 
called the South point. The meridian is thus the vertical circle through the North and 
South points. The points of intersection of the celestial equator and the horizon are the 
East and West points -the East point lies to the right of the North-South line for an 
observer facing North; the West point lies to the left. These four points are called 
cardinal points. The vertical great circle through the East and West points is called the 
prime vertical. The great circle through the celestial poles and the East and West 
points is called the six o'clock circle. Aryabhata defined the prime vertical, meridian 
and horizon in stanza 18, the six o'clock circle in stanza 19; while the equator is implicit 
in stanza 1(refer earlier post). The horizon is pictured as an encircling cord around 
the prime vertical and the meridian. The suggestive imagery is interesting. Amidst the 
apparent rotation of the celestial sohere, the horizon remains firmly fixed in the middle 
of the sphere at right angles to the prime vertical and the meridian. Not related to our 
subject discussed, but it is also to be noted that word selection of Aryabhata and 
converting the above content into four lines in Sanskrit, considering that he placed 
perfectly what he wanted to convey ie his observation and definitions. 


Stanza 20: 


Gatarfesrar seca Great afar | 
VA STEITIGSRET Ufstr3 des 1130 II 


"The east -west line, nadir-zenith line and the north south line intersect where the 
observer is" 


As discussed in earlier stanza here Aryabhata keeps the observer at the center of 
Khagola. Nadir-zenith are the intersecting points of prime vertical with the celestial 
meridian. 








10. Interesting thoughts 
Good stress is something which excites you and is of interest to you. Good stress 
are beneficial to health. When does a bad stress change into good? Bad stress 
when approached positively can be changed to good. What kind of activities has 
some kind of stress? Any karma, it is upto us to convert to good or bad. If outcome 
of our karma define whether, it is good or bad then how to control our thoughts and 
make it good? Attitude towards Kainkaryam to God can solve. Any outcome is by 
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God and always for our good and take this deep inside. These are some thoughts 
which | have on good stress. 




















Stanza 21: 
Ow HUERTO ARAU ASMA | 
Quad 0 Wrest Cad PRIA I 22 1 


"The great circle which is vertical in relation to the observer and passes through the 
planet is called drnmandala. The vertical circle which passes through that point of the 
ecliptic which is three signs behind the rising point of the ecliptic is called 
drkksepavrtta" 


1 sign is 30degrees. Three signs here denotes 90deg or perpendicular to the rising 
point of the ecliptic. Refer image shared in earlier stanza. In this stanza, it is with 
respect to the location of the observer on Earth. Great circle passing through the 
observer and vertical is drnmandala. 


Stanza 22: 
Osa Wad AA ARAS A MAR | 
Radoi AAAA A PANAY 1133 1l 


"The sphere ( TA) which is made of wood, perfectly spherical, uniformly dense all 
around but light in weight, should be made to rotate keeping pace with time with the 
help of mercury, oil and water by the application of one's own intellect" 


Aryabhata not only impressed us on Mathematical and Astronomical subject but now 
on the Engineering field too. Here he shared how a simulation to understand the Earth, 
Sun and its shadow moves as the Sun moves with time. 


Let us put some intellect into it as shared by Suryadeva. 


Let us set up two pillars on the ground. One towards the south and the other towards 
the north. Now mount an iron needle (rod) to form the axis of rotation. Take a wooden 
sphere as shared by Aryabhata and put holes for north pole and south pole. Pour 
some oil into North pole and south pole holes so that the sphere may rotate smoothly. 
Then, underneath the west point of the sphere, dig a pit and put into it a cylindrical jar 
with a hole at the bottom and as deep as the circumference of a sphere. Fill it with 
water. Then fix a nail at the west point of the sphere, tie a thread at the west point and 
wind it along the equator down to east and then bring back to west, then take it down 
again and tie it to a dry hollow gourd. Fill the gourd appropriately with mercury such 
that it floats on water inside the cylindrical jar placed underneath. Now the ground is 
set for the play. The size of hole made in the cylindrical jar should be such that the 
time taken for half of the water to outflow should be 12 hours and for next half another 
12 hours. Looks like a difficult task then checkout Ancient Indian eater clock in internet. 
It may surprise you further. So, coming back, when the hole is open, water level will 
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drop gradually which will make the mercury gourd to go down pulling the thread to 
rotate the sphere. In exactly 12 hours, sphere is rotate by half revolution and in next 
12 hours it will complete one revolution. Now, globe on top of another globe is ready 
for you to understand solar day and night. 


Surprisingly, even after sharing such experimental observation too, post Aryabhata 
timelines, many still believed that Earth is flat. 





Indian astronomers laid special emphasis on the importance of the sphere Gola, 
referring to both the concept and the physical model of the celestial sohere. To quote 
by Lalla, "No astronomy treatise is complete without a section on the sphere of the 
universe. The astronomers stress that this sphere is specifically needed for 
mathematical computations and that those who wish to study the planets must be 
experts on the sphere. The mean motions of the planets and other celestial objects 
are clearly perceptible on this sphere, especially to the scholar who has mastered the 
science of their geometrical representation. How can the ignorant, who know neither 
mathematics nor the fundamental principles of the celestial sohere, ever detect the 
motion of the planets? An astronomer without the knowledge of this sphere is like a 
disputant without the knowledge of grammar, a sacrificer without the light of the Vedas 
and a physician without the experience of an active practitioner. He who acquires a 
comprehensive knowledge of the celestial sohere containing the Sun etc. sees, in front 
of his eyes as it were, the whole universe; he beholds it decorated beautifully with a 
wide variety of exquisite phenomena. He gets spiritually enriched and attains moksa 
(Liberation); he becomes famous." 
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Stanza 23: 
aa dura val sd faeoeudaniter da | 


Ayala PUR, saa yey 1123 1 


"Divide half of the bhagola lying in the visible half of the khagola by means of Rsine 
so as to form latitude triangles. The Rsine of the colatitude is the upright of the same 
triangle" 


Note as shared in earlier stanza, bhagola is Sphere of Earth and khagola is sphere of 
asterism. 


Now, this stanza is very important as our reference for any calculation depends on 
this. Refer image while reading below. 


When a heavenly body is in the six o'clock circle, the perpendicular dropped from it on 
the plane of horizon is called unmandalasanku. The distance of the foot of the 
perpendicular from the east tallest line is called the first part of agra. The distance of 
the heavenly body from the rising-setting line is called the earthsine. 
distance of the heavenly body from the rising-setting line is called the earthsine. When 
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the heavenly body is on the prime vertical, the perpendicular dropped from it on the 
east-west line is called samasanku. The perpendicular dropped from it on the rising- 
setting line is called taddhrti; the distance between the east-west line and the rising- 
setting line is called agra. From the foot of the samasanku on the taddhrti, the latter is 
divided into two parts called upper and lower; when a perpendicular is dropped from 
the foot of this perpendicular on the samasanku, the latter is divided into two parts 
called upper and lower; when from the same foot a perpendicular is dropped on the 
agra, the latter is divided into two parts called the 'first part of agra' and the 'other part 
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Refer image superimposed on the earlier image for reference. You can how khagola 
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"Subtract the square of the Rsine of the given declination from the square of the radius 
and take the square root of the difference. The result is the radius of the day circle, 
whether the heavenly body is towards the north or towards the south of the equator" 


That is, 
Day circle 2 sqrt(R^2- (RSin(del))^2) 
Rsin(del) = Rsin(lat) x Rsin(24) + R 


Where, del is declination of the heavenly body and lat is the Sun's tropical latitude. 
Second formula is based on the rule of three shared in Ganita pada. Also, 24deg can 
be corrected to our current tilt of Earth. 


Refer link attached to see calculation of day length based different location. 


https://drive.google.com/file/d/10H- 
toPReq4BLGjOQ72QIABv5aimfHDi7/view ?usp=drivesdk 
Aryabhatiya Thane Chennai.xlsx 


Before go into the next stanza, let us understand the day circle notation which was 
shared by Aryabhata. Same is even followed for day length calculation. Day and night 
completes one civil day which is 360deg revolution of Sun around Earth. So, 24 hrs in 
a day can be considered interms of Sun's angular position as 15deg per hour. For Sun 
to cross 15deg of longitude, roughly it takes 1 hour. This is how time is calculated 
based on the our location. 


Like any place on Earth, every object in the sky has two numbers that fix its location 
called right ascension and declination, more generally referred to as the 
object's celestial coordinates. Declination corresponds to latitude and right ascension 
to longitude. 





north 
celestial pole 





4e south 
celestial pole 
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Let's use our imaginations and picture the latitude—longitude grid on the planet as the 
surface of a flexible, transparent sphere. The equator, which marks the 0° latitude line, 
now circles the sky as the celestial equator, while the north and south celestial 
poles hover over either end of the planet's polar axes. 
Viewed from Earth's equator, the celestial equator begins at the eastern horizon, 
passes directly overhead and drops down to the western horizon. Since we're inside 
a sphere, it would continue around the backside of the Earth as well. Refer image. 
Why is day circle or day length required? How the day length changes based on Sun's 
declination and our position? 


Consider that you are at the equator. Sun is without any declination and so it is exactly 
over equator. Now, consider that ot also over your head. For any observer on Earth, 
entire Earth is below him and he is on top of the Earth. In this case, Sun's rays will 
touch exactly half of the sphere ie. 180deg longitude will be day. You can move to 
either side of the Earth for that 180deg where the Earth will have day time. So in this 
case day length and night length are same 12 hrs and 12 hrs each. Refer second 
image. 


Refer the next image, Let us consider that your position is slightly shifted from equator, 
let us say 10deg North. Now, when the sun is on top of you, this means Sun is also 
declined from the equator matching your latitude position. Refer the circle of 
illumination cutting the bhagola at the center. However, considering the axis of rotation 
of Earth, checking where your latitude circle intersects the circle of illumination. Now, 
if your travel parallel to Equator along your latitude circle then you can travel for a 
longitude more than 180deg and you will find that it is still day. This means that the 
day length along that latitude is longer. So when Sun is declined towards North and 
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your latitude is also towards north then day length is more. When sun is declined 
towards south and your latitude is towards north then day length is shorter than 12 
hrs. 


Check the last image, you can see that this day length variation depends on Sun's 
declination, your latitude and Earth's tilt. There are other factors like refraction, radius 
of Sun, radius of Earth, etc but for understanding let us stick to this level. 
Since, our ancient astronomy has nadi and vinadi as time unit which come out to be 
3600 vinnadi for day and night. Multiplying the day length angle by 10 will give the day 
length in vinnadi direction. 








11. Interesting thoughts 





Single family: 

All numbers are somehow related to 0,1 and infinity. 

Any number multiplied by 0 is 0. 

Any number multiplied by 1 is the same number. 

Any number divided by infinity is zero. Etc., 

So, all infinite numbers are part of a single family. God also possesses the property 
of 0, 1 and infinity. Similarly there are so many people in this world and all are related 
somehow to god. 

Vasudhaiva kutumbakam 




















Stanza 25: 
ZE ERA Hel Us PISA | 
WERE sled Hei STATS TSCAMTESIT 11. 4 11 


"Multiply the day radius corresponding to the greatest declination on the ecliptic by the 
desired Rsine of one, two and three signs and divide by the corresponding day radius. 
The result is the Rsine of the right ascension of one, two and three signs measured 
from the first point of Aries (Mesa) along the equator" 


Earlier stanza, we saw diurnal circle of the heavenly body. Also, we saw with example 
of Sun, day circle and the link between day circle & day length. 
Now in this stanza the position of the signs interms of right ascension is shared here 
by Aryabhata. 


Let A, B and C denote the right ascensions of one sign, two signs and three signs, 
respectively, and D1, D2 and D8, the declinations at the last points of the signs 
Aries(Mesa), Taurus(Vrsabha) and Gemini(Mithuna), respectively. 


Then, 
Rsin A= Rsin 30°xRcos 24°: Rcos D1 


Rsin B= Rsin 60° Rcos 24°: Rcos D2 
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Rsin C= Rsin 90? x Rcos 24 Rcos D3 


Above formula is valid for an heavenly body on the celestial sphere. Since the sign are 
placed equally spaced around 360deg, we divided uniformly. Form a triangle with 
declination, horizon and a sign in khagola shared earlier to get the formula above. 


Take refer from Ganita pada for triangle and Rsine relation. 
Now, 
Rcos D1= 3366’, Rcos D2,=3218' and Rcos D3 = 3141' 


(refer Gitika pada for corresponding Rsin values at 90-angle). Hence substituting these 
values and simplifying, 


we get 

A=1670', B=3465' and C=5400". 
Consequently, 

Right ascension of Aries =1670 respirations 
Right ascension of Taurus =1795 respirations 
Right ascension of Gemini = 1935 respirations. 


The right ascensions of Aries, Taurus and Gemini in the reverse order are the right 
ascensions of Cancer(Karka), Leo(Simha) and Virgo(Kanya); and the right ascensions 
of the first six signs, Aries etc. in the reverse order are the right ascensions of the last 
six signs, Libra (Tula), etc. 


Right ascension of Aries, virgo, pisces (Mina) & Libra =1670 respirations 


Right ascension of Taurus, Leo, Aquarius (Kumbha) & Scorpio (Vrscika)=1795 
respirations 


Right ascension of Gemini, Cancer, capricorn (makara) & sagittarius (Dhanusa)= 1935 
respirations. 


Stanza 26: 
SUPA esa Mes Sea AT | 
AERA A rafa RAZR 1138 11 


"The Rsine of latitude multiplied by the Rsine of the given declination and divided by 
the Rsine of colatitude gives the earthsine, lying in the plane of the day circle. This is 
also equal to the Rsine of half the excess or defect of the day or night in the plane of 
the day circle.” 
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We have seen on the day circle and relation between day circle and day length in 
stanza 24. Now, here Aryabhata shared the formula for excess or defect which is 
increase or decrease in day length in terms of day circle. 
That is, 


Earthsine= Rsin(D) x Rsin(lat) / Rsin(90-lat) 
= Rsin(D) x Rsin(lat) / Rcos(lat) 
= Rsin(D) x Rtan(lat) 

Where D is declination and lat is latitude. 


You can see how Aryabhata takes all Sine values in terms of Rsine and he has already 
shared the values of Rsine and method of calculating Rsine (refer Githika pada) which 
can directly used here for calculation. 


By the ‘excess or defect of the day or night' is meant the amount by which the day or 
night at the local place is greater or less than 30 ghatis (or 12 hours). 
The earthsine is the Rsine of half the excess or defect of the day or night in the plane 
of the day circle. Since the time is measured on the equator, one should first find the 
corresponding Rsine in the plane of the equator and then reduce that to the arc of the 
equator. The Rsine of half the excess or defect of the day or night in the plane of the 
equator is called carardhajya and is obtained by the following formula, 


Carardhajya- Earthsine x R/ radius of day circle 


The corresponding arc of the equator is called carardha and gives the amount by which 
the semi-duration of the day or night at the place is greater or less than 15 ghatis. 
Carardha is also equal to the difference between the oblique and the right ascension 
and so it is called as the ascensional difference. The oblique ascension is the time of 
rising of an arc of the equator at the local place and the right ascension is the time of 
rising of an arc of the ecliptic at the equator. 


Carardhajya can also be expressed in them of shadow of Gnomon as, 
Carardhajya = 3438 x tan(D) x(e/g) 


Where, e is the equinoctial noon shadow and g is the gnomonic height. 3438 is 
retained as this is used by Aryabhata for his Rsine values. 


Stanza 27: 
saal fF apurar Gain faq quen | 
TUR Y A TERA PARRA 1011 


"The first as well as the last quadrant of the ecliptic rises above the local horizon in 
one quarter of a sidereal day diminished by the ghatis of the ascensional difference. 
The other two viz. the second and third quadrants rise in one quarter of a sidereal day 
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as increased by the same i.e. the ghatis of the ascensional difference. The times of 
rising of the individual signs (Mesa, Vrsabha and Mithuna) in the first quadrant are 
obtained by subtracting their ascensional differences from their right ascensions in the 
serial order; in the second quadrant by adding the ascensional differences of the same 
signs to the corresponding right ascensions in the reverse order. The times of risings 
of the six signs in the first and second quadrants (Mesa, etc.) taken in the reverse 
order give the risings of the six signs in the third and fourth quadrants (Tula, etc.)" 


In Aryabhatiya the content builds up stanza by stanza and so each stanza is important 
to understand the next. Refer the first figure of Knagola now if we introduce the day 
circle in that then it will look like figure two. 





Let figure 2 represent the Khagola for the local place. (Refer first figure for reference) 
SEN is the horizon, RET the equator, UEV the ecliptic and PEQ the equatorial horizon. 
The small circle WBV is the day circle through V (the end of the first quadrant of the 
ecliptic). EV is the first quadrant of the ecliptic. At the moment the first point of Mesa 
(A) coincides with E. With the motion of the Celestial Sphere E will move along the 
equator and V along the diurnal circle(day circle) in the direction of the arrowhead. 
When V reaches A, the whole of the first quadrant of the ecliptic, which is at the 
moment on the point of rising above the horizon, will be above the local horizon. So 
the time of rising of the first quadrant of the ecliptic at the local place is the time taken 
by V in moving from V to A, or, what is the same thing, the time taken by T in moving 
from T to C. This time is given by the arc TC or ET-EC of the equator (because time 
is measured on the equator). 


Refer earlier stanza for understanding Khagola (Celestial sphere) clearly. Later as we 
go on, we will also see star map shared in Rashtriya Panchang which is nothing but 
khagola with stars places in it. You can see poles, celestial equator and ecliptic in 
Rashtriya panchang also. 
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You may wonder why to do all these calculation. But you should also question whether 
the birthday of yours EVERY YEAR what you celebrate is the actual the correct date 
after a solar year? Now then you will get to know the errors in year calculation, month 
and day calculation. Now all these errors in modern calendar is by taking reference of 
stars and signs. It may look that there are many calculation but actual our panchang 
shows directly the day by taking reference of stars and planets. So celebrating your 
date of birth or marriage anniversary by star reference is the correct way and same is 
followed in our Bharat. 


We saw the time taken for point V to move the horizon which is nothing but time to rise 
point. Since ET is one-fourth of the equator, it corresponds to one-quarter of a sidereal 
day. So, 


the time of rising of the first quadrant of the ecliptic is (one quarter of a sidereal day - 
ghatis corresponding to arc EC) which is same as (15 ghatis - ghatis of ascensional 
difference). 


This ascensional difference can be experimentally verified if we know the direction of 
North properly. Let us see how to check it. It can be noted that how Aryabhata was an 
expert in geometric calculation of a sphere and experimental verification of the same 
by observation and a simulation (refer earlier stanza on simulation). 


The first quadrant of the ecliptic is, at the point of rising above the equatorial horizon 
QEP. When the point V reaches the point B, the first quadrant of the ecliptic will be 
completely above the equatorial horizon which can be observed by the observer. The 
time taken by V to reach B is equal to the time taken by T in reaching E. So the time 
of rising of the first quadrant of the ecliptic above the equatorial horizon is equal to the 
arc ET of the equator, which has been just shown to correspond to one quarter of a 
sidereal day or 15 ghatis. This differs from the earlier conclusion by the time given by 
the arc EC of the equator. EC therefore gives the difference between the times of rising 
of the first quadrant at the local and equatorial places. EC is, hence, called the 
'ascensional difference of the first quadrant' (or the ascensional difference of the last 
point of the first quadrant). 


Hence , from earlier equation, we have, 
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Time of rising of the first quadrant at the local place = 15 ghatis - ghatis of the 
ascensional difference. 


When the first point of Mesa is at E, the first point of Tula is at the west point W. The 
first point of Tula will reach the point E exactly after 30 ghatis and then the second 
quadrant of the ecliptic will be completely above the local horizon. Hence we have, 


Time of rising of the second quadrant of the ecliptic at the local place = 30 thatis — ( 
15 ghatis - ghatis of asc. diff.) = 15 ghatis + ghatis of asc. diff. 


Similarly, we can get, 


Time of rising of the third quadrant of the ecliptic at the focal place = 15 ghatis + ghatis 
of asc. diff. 


Time of rising of the fourth quadrant of the ecliptic at the local place = 15 ghatis - ghatis 
of asc. diff. 


Similarly, 


Time of rising of the sign Mesa at the local place = Time of rising of the sign Mesa at 
the equator - asc. diff. of the last point of Mesa. 


Time of rising of the signs Mesa and Vrsabha at the local place = Time of rising of the 
signs Mesa and Vrsabha at the equator asc. diff. of the last point of Vrsabha. 


Time of rising of the signs Mesa, Vrsabha and Mithuna at the local place = Time of 
rising of the signs Mesa, Vrsabha and Mithuna at the equator - asc. diff. of the last 
point of Mithuna. 


From the above, we get, 


Time of rising of the sign Mesa at the local place = Time of rising of the sign Mesa at 
the equator - asc. diff. of Mesa. 


Time of rising of the sign Vrsabha at the local place = Time of rising of the sign Vrsabha 
at the equator - ( asc . diff . of the last point of Vrsabha -asc . diff . of the last point of 
Mesa) 


= Time of rising of the sign Vrsabha at the equator - asc. diff. of Vrsabha. 


Time of rising of the sign Mithuna at the local place = Time of rising of the sign Mithuna 
at the equator- (asc. diff. of the last point of Mithuna - asc. diff. of the last point of 
Vrsabha) 


= Time of rising of the sign Mithuna at the equator - asc. diff. of Mithuna. 


Let A, B, C be the times of rising of the signs Mesa, Vrsabha, and Mithuna at the 
equator and a, b, c the ascensional differences of the same signs in their respective 
order. Then the times of rising of the signs at the local place are as shown below. 
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Time of rising are, 

Mesa 8 Mina = A-a 
Vrsabha 8 Kumbha = B-b 
Mithuna & Makara = C-c 
Karka & Dhanusa = A«a 
Simha & Vrscika = B+b 


Kanya € Tula = C+c. 





























12. Interesting thoughts 
Infinity: 
10x00=00 
1x00=00 
0.1x0o=00 
0.00001x*»-* 
Ox0=?2?? 
If each particle in this universe is expanding by disintegration then the particle size 
will follow above steps and finally end up with that question. Find it mathematically!!! 








Stanza 28: 
array faftoraaeraH seal Pa | 
fap aeliquad fae TISISuSTerapsi 11 3€ 11 


"Find the Rsine of the arc of the day circle from the horizon (up to the point occupied 
by the heavenly body) at the given time; multiply that by the Rsine of the colatitude 
and divide by the radius; the result is the Rsine of the altitude of the heavenly body at 
the given time elapsed since sunrise in the forenoon or to elapse before sunset in the 
afternoon." 


Istahrti is the distance of the heavenly body from the rising - setting line. It is the Rsine 
of the arc of the day circle from the horizon up to the point occupied by a heavenly 
body. So, 


Rsin(Sun's altitude) 2 istahrti x Rsin(90-lat)/ R 
- istahrti x Rcos(lat)/ R 


With the help of the Sun's declination and the local latitude calculate the Sun's 
ascensional difference. Subtract the Sun's ascensional difference from or add that to 
the given time reduced to asus(1 ghati- 360asus), according as the Sun is in the 
northern or southern hemisphere. By the Rsine of that difference or sum multiply the 
day radius and divide by the radius. If the Sun is in the northern hemisphere, add the 
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earthsine to the result obtained; if the Sun is in the southern hemisphere, subtract the 
earthsine from the result obtained; the result is the istahrti. Multiply that by the Rsine 
of the colatitude and divide by the radius; the result is the Rsine of the Sun's altitude. 
When the Sun is the northern hemisphere and the given time reduced to asus is less 
than the Sun's ascensional difference reduced to minutes of arc, we should do as 
follows: 


Subtract the asus of the given time from the minutes of the Sun's ascensional 
difference; multiply the difference by the day radius and divide by the radius. Subtract 
whatever is obtained from the earthsine; the result is the istahrti. Multiply that by the 
Rsine of colatitude and divide by the radius; the result is the Rsine of the Sun's altitude 
as before. 


Stanza 29: 
fatgacstfan TOR dp Tergeste gdsi | 
IRENE PITA 1128111 


"Multiply the Rsine of the Sun's altitude for the given time by the Rsine of the latitude 
and divide by the Rsine of colatitude; the result is the Sun's sankvarga, which is always 
to the south of Sun's rising-setting line" 


Sankvarga is also called as Sankutala which is the base of the Sanku. It denotes the 
distance of the base of the Sanku from the rising-setting line. 


Sun's sankvarga = Rsin(Sun's altitude) x Rtan(latitude) 
Stanza 30: 

TRA PHS Soa ertisgat dau faust | 

UT MAA AS Sar atar fado 11 30 11 


"Multiply the Rsine of the Sun's tropical longitude for the given time by the Rsine of 
Sun's greatest declination and then divide by the colatitude; the resulting Rsine is the 
Sun's agra on the eastern and western horizon" 


Sun's agra is the distance of rising or setting point of Sun from the East-west line. 
Sun's agra = Rsin(Tropical long) x Rsin(24) / Rsin(90-lat) 
= Rsin(Tropical long) x Rsin(24) / Rcos(lat) 
Stanza 31: 
NULES ERRE Sc VETO | 
ayaa fava TRYST MSHA 11 32 1 
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"When that agra is less than the Rsine of the latitude and the Sun is in the northern 


hemisphere, multiply that by the Rsine of colatitude and divide by the Rsine of latitude; 


the result is the Rsine of the Sun's altitude when the Sun is on the prime vertical" 
That is, 
Rsin(Sun's prime vertical altitude)=Sun's agra x Rcos(lat)/Rsin(lat) 


Before we go into shadows and eclipses, | will summarise diurnal motion with 
geometric representation and trigonometry. | will share previous few stanza's 
summary tomorrow. They are important to understand shadows, gnomon and eclipses 
which we will see later. 


Before going into shadows and eclipses, let me summarise the diurnal motion and its 
trignometry on sphere. In khagola, we have seen the celestial horizon, prime vertical, 
north-south line, east-west line and celestial equator. Refer image. For any heavenly 
body, we saw its motion in khagola and diurnal circle. Let us make a geometry based 
on the formula shared to understand it in a easy way. 
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Let us draw a circle to represent khagola with center C and radius R. Z is the zenith of 
khagola. AB is the celestial horizon above which the visible portion of khagola is 
present. ACB is the diameter of the celestial horizon. EF is the celestial equator. 
Diameter of the celestial equator is ECF. Here all are referred as diameter as they are 
2D representation of a circle. Refer third image for khagola sphere and the same is 
represented in 2D in second image. PP' is the poles of the celestial equator. Also, 
PCP' is the six o'clock circle. Let us also draw a diurnal circle GH with GH as diameter. 
Let us consider Sun as the heavenly body which is travelling on the diurnal circle in 
khagola. ZCN is the prime vertical and diameter of the prime vertical is ZN. 
As shown in the figure for an observer a C having celestial horizon as AB, angle ECZ 
is the latitude and ECA is the colatitude. Refer fourth image where bhagola and 
khagola are superimposed. Assume bhagola as negligible radius when it comes to 
khagola geometry. Now, 


CM - Rsin(lat) 

EM - Rsin(co-lat) 

CE=R 

Also, in figure, CL is the distance between celestial equator and diurnal circle. 
CL = Rsin(Sun's declination) 


Point L here is the intersection point of diurnal circle and six o'clock circle. LO is the 
line joining that point and the horizon point on diurnal circle. Hence, LO is Earthsine 
or kujya. CO which lies on the horizon is the distance between east-west line and the 
rising-setting line. This is called Rsin(Sun's amplitude or agrajya). 


When Sun is at K, KC is then Rsin(prime vertical altitude or samasanku). KO is prime 
vertical hypotenuse or taddhrti. 


Author: Madhusoodhanan Ramakrishnan. 124|Page 


kkekkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk 


Xr X Ye Xe Xe X6 ee Ne ee Be Me Be Be Me Be Me Re ee Ae Be Be Be Mb Be Me Me Me He ee Be Me Be Ne Me Me Me Me ee Me Ne A Ne Me Me Me Me Me Me Be Me Me eM Ne Me Ue Me We Me le Me A 


x Fe He e e e e e se e e e e oe e e fe e fe eoe e e e e fe e de e e e eoe e e e e e e e eoe eoe ox 


Be Xe Be A A A Xe A A A A A A A A A A A A A Be A A A A A A A A Be A A A A A A Be A Be A A A A A A A A A A A A A A A A A Bb A Be A A MA Be 


A Brief on ARYABHATIYA 


When Sun is at K', K'C' is Rsin(altitude) at any time or Sanku. C'O is the base which 
is called as sankutala and K'O is the hypotenuse at that time which is istahrti. 
Now, let Sun be at E which equinoctial point. If we have a gnomon of length CR then 
the equinoctial midday shadow length will be RT or palabha. CT will be it hypotenuse 
or palakarna. Note than there are six similar triangles in the figure. 
Now with this understanding we can see about shadows. 


We all know that the shadow of gnomon varies in different time of the year. But you 
that we can find the latitude of yourlication with shadow? Do you know that you can 
find direction North, South, East and West by shadow? Do you know that you can find 
Earth's axis tilt by shadow? 


We will see those in this post. This was used and shared by Aryabhata too. These 
concepts are essential for anyone to know to identify the actual solar time for 
doing Nityakarma. Earlier days even these are essential to do any karma as all 
harvesting, construction, studies, marriage or any other activities were planned 
properly to get better results as Sun light plays a major role is natural occurrences. 
First for your latitude, find the equinoctial midday shadow of a cylindrical gnomon. Find 
hypotenuse of the triangle formed by gnomon and shadow. Now in this triangle, 


sin(lat) = shadow length/hypotenuse. 


For Earth's tilt, check the shadow of gnomon around the year and mark the midday 
shadow on every day. Mark the maximum shadow points. If you are within cape of 
cancer and cape of capricorn then you will get shadow on both sides. If you are out of 
the this then you will get in one side(mark max and min shadow in this case). Tie two 
threads to the top tip of the gnomon and join the thread the two shadow points. Angle 
between the thread will be twice that of the Earth's tilt. 


For direction, draw a circle with radius 2R and place a gnomon of height R. Mark three 
shadows. One is the shortest of the day, shadow when the tip of the shadow enters 
the circle and shadow when the tip of the shadow leaves the circle. Mark the entering 
and leaving point. Take a thread of length equal to the distance between these above 
two points. Fold it to half and draw circles with half thread length as radius and entering 
and leaving points as centers. Mark the intersecting or touching point of these two 
circle. Draw line from bottom of gnomon and the intersecting point. This direction is 
south if the Sun is in northern hemisphere. Draw pendiculars to this line for East and 
west direction. 


With just the Shadows, Geometry, Sphere, and presise measurement, ancient Indian 
astronomers shared so many data on heavenly bodies. These are such interesting 
practical knowledge which we want but miss in our education system. Tomorrow, we 
will go to the next stanza in Gola pada. 


Stanza 32: 


ftf error umma OT GA BM UY HIRSH | 


TOHTeTHTTSUT ST3I STE qud Ud 11 32 TI 
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"The Rsine of the degrees of the Sun's altitude above the horizon at the midday when 
the Sun is in the meridian is the greatest gnomon on that day. The Rsine of the Sun's 
Zenith distance at that time is the shadow of the same gnomon" 


This stanza forms basis for defining greatest gnomon and also used in designing a 
modern gnomon. Formula changes according to the position Sun in northern or 
southern hemisphere. Greatest gnomon is also called as maha-sanku. 


The sum of the declination of the Sun and the colatitude of the observer is the meridian 
altitude or unnatamsa of Sun when it is in the northern hemisphere and difference of 
them is for southern hemisphere. Meridian zenith distance is when the altitude is 
subtracted from 90. Refer earlier post image for reference. Same formula can be 
applied when Sun is at equinox and check how the formula changes then check my 
earlier post on finding latitude of your location. 


Gnomon was used in india long time back and there are many ancient works 
explaining them. You can refer Kautilya's arthasastra, section on "Measurement of 
space and time" explaining how to find time based on gnomon. Aryabhatiya also 
shares the concept in short formula. There are many other works. Sun dial and 
instrument to measure time are very ancient and discovered at many location in our 
Bharat. 


Stanza 33: 
naaca oaaae uq BAe | 
TUATHA ERA 133 |! 


"Divide the product of the madhyajya and the udayajya by the radius. The square root 
of the differences between the squares of that result and the madhyajya is the Sun's 
and Moon's drkksepa" 


This is an approximation done by Aryabhata to drkksepjya of Sun and Moon. Zenith 
point is taken reference in ancient astronomy as it is easy to defined this imaginary 
axis between Zenith and Nadir with the plum line or line of action of gravity. 
Experimentally, to find angle between the Zenith and any celestial object is very easy. 
Take a straight bamboo stick and make a thru hole at the center. Tie a plumb at the 
one end of the bamboo. Now see any celestial object thru the bamboo hole. Angle 
between the bamboo stick and the plumb line is the angle of celestial body with Zenith. 
This technique is one of method of nalaka yantra. This measurement show pictorial in 
figure 1. Same is shown in celestial sphere in figure 2. 


Coming back to the stanza, Madhyajya is the Rsine of the zenith distance of the 
meridian ecliptic point. Udayajya is the Rsine of the amplitude of the rising point of the 
ecliptic. Drkksepajya is the Rsine of that point of the ecliptic which is shortest distance 
from zenith. 


Rsin(arc between zenith shortest distance point to meridian) = X = madhyajya x 
udayajya / R 
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Drkksepajya - sqrt(Madhyajya^2 - X^2) 


This is valid if the Rsine of the sides formed by meridian point, zenith point and the 
shortest distance point of the ecliptic is right angles triangle. However, it is not so and 
formula is thus an approximation and inaccurate. 


Stanza 34: 


RP UNA Act ERA | 
ff al RA YA AHÍ AURA 11 38 11 


"The square root of the difference between the squares of the Rsine of the zenith 
distance of the Sun and the Moon and the drkksepajya is the Sun and Moon's 
drggatijya. On account of the sphericity of the Earth, parallax increases from zero at 
the zenith to the maximum value equal to the Earth's semi diameter as measured in 
the spheres of the Sun and Moon at the horizon" 


Drggatijya is the Rsine of the arcual distance of the zenith from the secondary to the 
ecliptic passing through the heavenly body. 


Drggatijya = sqrt((Rsin(Zenith distance))^2-(drkksepajya)^2) 
Drkchaya or parallax in longitude in yojanas = Earth's semi diameter x drggatijya/ R 
Drkchaya or parallax in latitude in yojanas = Earth's semi diameter x drkksepajya/ R. 


Refer image 1 and image 2. Closely observe the reorientation between the first and 
second image. First image shows the Earth we normally see in map with equator 
placed horizontally. Second image is take from the first by considering the observer 
and the zenith in the vertical direction with portion of the ecliptic above horizon is 
shown(as in khagola). Let U be the rising point of the ecliptic (udaya-lagna), T be the 
nonagesimal (tribhona-lagna) and M be the meridian-ecliptic point (madhya-lagna). T 
is at a distance of one quadrant from U along the ecliptic. The complement of the 
zenith distance of T, that is the arc TK, will be the required angle between the ecliptic 
UTM and the horizon NUEKS. This is called drkksepajya or the sine of the zenith 
distance of the nonagesimal. Itis important to understand these notation to understand 
what is shared in drkksepajya, drggatijya and drkchaya. 
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Angles at T and K are right angles, and it is easily seen that 

arc SE = arc KU = arc TU - arc 90? 

so that, 

arc EU = arc SK = angle MZT = v 

Ift and m denote the zenith distance of T and M respectively, then the required angle 
Angle TUK = arc TK = 90-t 

From the spherical right-angled triangle ZMT we have 

sin s x sin 90 = sin m x sin v 


cos m x cos 0 = cos s x cos t 
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where denotes the arc MT. 


Converting all cosines to sines in above and solving above two equation for sin t, we 
get 


sin t = sqrt{[(sin(m))*2- (sin(s))*2]/[1-(sin(s))*2]} 
Or 
t = cos inverse(cos(m) /cos(s)) 


From celestial sphere and observation, one can find t from either of the above 
equation. 


According to Aryabhata, he shared svadrkksepajya which is 
Rsin(t) = svadrkksepajya x R/ Rcos(s) 

And svadrkksepajya - sqrt([(Rsin(m))^2- (Rsin(s))^2] 

So, 

Rsin(t) 2 sqrt([[(Rsin(m))^2- (Rsin(s))^2] x R/ Rcos(s) 


We know from stanza 25 of Golapada that to find the Right ascension from a given 
longitude and obliquity. Refer third image which is extracted from the first image. 
Lambda is ecliptic longitude; alpha is right ascension; eeta is obliquity of the ecliptic; 
delta is declination. 


Now, 


Rsin(right ascension) = Rsin(ecliptic longitude) x Rsin(obliquity of the ecliptic) / 
Rcos(declination) 


Refer stanza 25 of Gola pada where Aryabhata has shared for signs. Above formula 
is similar to one which we saw for signs. 


Comparing the similar triangle from image 3 and image 2. We can get 
Rsin(t) = Rsin(m) x Rcos(v) / Rcos(s) 


Which also gives the same formula for Rsin(t) as we saw earlier. Aryabhata wanted to 
share for Sun considering the ecliptic of the Sun. 


Stanza 35: 
aqua AU Yaqui Se | 
Sad Ut STAG ala Ort ef BU Gs 11 34 II 
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"Multiply the Rsine of the latitude of the local place by Moon's latitude and divide 
resulting product by the Rsine of the colatitade: the result is the aksadrkkarma for 
Moon. When Moon is to the north of the ecliptic, it should be subtracted from Moon's 
longitude in the case of the rising of Moon and added to Moon's longitude in the case 
of the setting of Moon; when Moon is to the south of the ecliptic, it should be added to 
Moon's longitude in the case of the rising of Moon and subtracted from Moon's 


longitude in the the case of the setting of Moon" 


When the celestial latitude of heavenly body is small then Aksadrkkarma is considered 


based in the formula shared in stanza. 


Aksadrkkarma is the arc length of the ecliptic between the point of intersection of 


horizon-ecliptic and hourcircle-ecliptic. 


Aksadrkkarma = Rsin(lat) x Moon's latitude / Rcos(lat) 


- Rtan(lat) x Moon's latitude. 








13. Interesting thoughts 





What is a clay pot? We can define a pot based on shape, purpose and raw material. 
Clay pot of a particular raw material and size will have mass(kg). But, what it actually 
made of & how does it get mass? Pot is made of clay and mass depends on the 
amount of clay. What is clay? How clay gets mass? Clay is made of silicate rocks 
and other sand. These are made of chemical earthly elements (Earth) with liquid 
(Water) mixed to make shape. Particles of clay are of uneven shape so it also has 
Air gap (Air) in it. How do clay get mass and what chemical elements are made of? 
All chemical elements are made by fusion of hydrogen and gets mass based on the 
level of fusion and number of hydrogens involved in fusion. How do hydrogen get it 
s mass and what hydrogen is made of? Hydrogen is made of proton, electron and 
neutron placed away with certain space(Space/ether). So Hydrogen gets its mass 
by these elements. How do these elements get their mass? We can keep going like 
this, we will end with Paramatma which one can only and has to believe. Like the 
way electrons revolve neutrons, even planets revolve the Sun. All these elements, 
object, planets obey rules set by Paramatma, who is not bound by any rules. Mass, 
gravity, etc., are terms used to share our understanding on these rules which we 
are not clear yet. Space, fire, air, water, earth are five elements of any object which 
depend on each other and created one after/by another. All these elements are 
bound by Paramatma and his rules. There is one more thing which is missing here. 
That is life inside living being. Life is also an unknown thing to us as the source of 
life is still a mystery. We are bound by the rules set by Paramatma for these objects 
as we believe so. So, by our wrong belief, objects bound us and our life is controlled 
by these objects. We are different from other object. Did we ever question that are 
we bound by the rules set for objects? What are rules set for us? We are supposed 
to serve Paramatma. Our duty and rules set for Jeevatma are to serve the 
Paramatma. One who understands this, is not bound by the control of objects. He 
serves the Paramatma as intended in Vaikunta. 

Om Namo Narayanaya 
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A Brief on ARYABHATIYA 
Stanza 36: 
fagraraeo mquit aep ARR Aip AHR | 
Fage saaa GA et Boi ATA 11 36 1 


"Multiply the Rversed sine of the Moon's tropical longitude by the Moon's latitude and 
also by the Rsine of Sun's greatest declination and divide the resulting product by the 
square of the radius. When the Moon's latitude is North, it should be subtracted from 
or added to the Moon's longitude, according at the Moon's ayana is north or south; 
when the Moon's latitude is south, it should be added or subtracted respectively" 


That is, 


Ayanadrkkarma = Rvers(90+Moon's tropical longitude) x Moon's latitude x 
Rsin(24)/(R^2) 


24deg is considered as Sun's greatest declination as shared by Aryabhata which was 
valid and closer during his time. 


We will see the geometric representation of above two stanza in next post. After that 
we will see about eclipses and shadow length in upcoming stanzas. 


Khagola is shown in first figure. Angle made by the pole to celestial horizon is local 
latitude and altitude is the angle made by the celestial equator with the horizon. Line 
drawn in blue are the same which we have seen in earlier stanzas. 
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A Brief on ARYABHATIYA 





Z - zenith; P - pole point; SEN - celestial horizon; red dotted lines are diurnal circles. 
AlphaT - ecliptic; K - ecliptic pole; M' - rising point of Moon. M is the extended point 
which meets the ecliptic. Ecliptic pole point is required only for projecting point M' to 
M. 


As the position within the day change with khagola rotation about the pole point, we 
will take diurnal circle to generated points in reference to celestial horizon (for rising 
and setting reference). Project lines in khagola to meet ecliptic and celestial horizon 
as shown in figure. Figure 2 is zoomed in view of the triangle of our interest. 


Here, arcTL is Aksadrkkarma and arcLM is ayanadrkkarma. 
For approximation, Aksadrkkarma is considered as arcAB which is, 
ArcAB = Rsin(BM'A) x M'A/ Rsin(M'BA) 

- Rsin(BM'A) x M'M/ Rsin(M'BA) 

- Rsin(local latitude) x Moon's latitude/ Rcos(local latitude) 
Assuming that arcLM is approximately equal to ArcMA, 
ArcMA = Rsin(MM'A) x Rsin(arc MM”) / R 

= ayanavalana x Moon's latitude /R 
Ayanavalana = Rvers(Moon's tropical latitude+90) x Rsin(24) /R 
So, 
ArcMA = Rvers(Moon's tropical latitude+90) x Moon's latitude x Rsin(24) /(R^2) 
Stanza 37: 
FRR APAMAGUSA HT ur qute | 
Saad WM Pi MRA Hed! F USAT 1 36 I! 
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A Brief on ARYABHATIYA 


"The Moon is water, the Sun is fire, the Earth is Earth, and what is called shadow is 
darkness. The Moon's eclipses the Sun and the greatest shadow of the Earth eclipses 
the Moon" 


Here, Moon is water to meant to show some of the observational functions of Moon. 
At night Moon is seen and it cold at night like the touch of water. Also Moon reflects 
the light of Sun as water does. Aryabhata also mentioned that light doesn't pass 
through Moon and the shadow is cast on Earth during eclipse by which he also meant 
it as opaque solid. 


Sun is a fie ball as we know. Earth is made of Earth. 
Moon's eclipses the Sun during solar eclipse and same way Earth on Moon during 
lunar eclipse. 


Stanza 38: 


WIR se Uds HARI URÍA FA | 
Ya rai vera dal fi A AGUA 1134 11 


"When at the end of lunar month, the Moon, lying near a node of the Moon, enters the 
Sun, or, at the end of lunar fortnight, enters the Earth's shadow, it is more or less the 
middle of an eclipse" 


It is to be noted that Aryabhata stated clearly the role of Rahu and Ketu as the time of 
conjunction of Sun and the Moon as the middle of solar eclipse and the time of 
opposition of the Sun and the Moon as the middle of lunar eclipse. He also clearly 
states that as more or less which means that it is approximate. 
It indicates the fact that due to parallax,the actual time of conjunction is not exactly the 
same as that of geocentric conjunction. 


Stanza 39: 
afafaas Arar g xfaufasrgur i 
“asrrdid dei yapa 113811 


"Multiply the distance of the Sun from the Earth by the diameter of the Earth and divide 
by the difference between the diameters of the Sun and the Earth: the result is the 
length of the shadow of the Earth from the diameter of the Earth" 


Formula shared is, 


Length of Earth's shadow = (Sun's distance x Earth's diameter)/(Sun's diameter - 
Earth's diameter) 


This method of calculating shadow length is called as pradipacchaya karma (Lamp 
and shadow method). We have also seen this is chapter 4 Ganita pada stanza 15. 
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A Brief on ARYABHATIYA 


We will see the same again in correlation with this stanza. 


Refer image. Let us consider a lamp post first which is installed at point B on ground 
and lamp at top is at point A. So, height of the light source is AB. Let us take gnomon 
vertically installed at point D and its tip as point C. Height of the gnomon is CD. Now, 
join BD and extend the line further till it intersects with the line made by point A & C. 
Let this intersecting point be E (tip of the shadow). So, we have three triangles, ABE, 
AFC & CDE. All these three mentioned triangles are similar triangles. So, as the 
formula given by Aryabhata in Ganita pada stanza 15, 


Length of the shadow = Distance between the gnomon & light source x height of the 
gnomon / (height of the light source — height of the gnomon) 


Refer our formula shared in this stanza. 
Stanza 40: 

BASU Hlaay UGA AAA | 
YOST faved faemamquafquni 10 vo II 


"Multiply the difference between the length of the Earth's shadow and the distance of 
the Moon by the Earth's diameter and divide by the length of Earth's shadow: the result 
is the diameter of the Tamas" 


In last stanza, we saw the length of Earth's shadow. Here, we will see the diameter of 
Earth's shadow at Moon's distance which is called as Tamas. 


Diameter of Tamas = (length of Earth's shadow - Moon's distance) x Earth's diameter 
/ length of Earth's shadow 


This is from similar triangle concept shared in Ganita pada. Refer image below. 
Let OA be the distance between Sun and Earth. OS be the semidiameter of Sun, AE 
be the semidiameter of Earth and BM is the semidiameter of Tamas at Moon's distance 
AB. It is to be noted that position of Moon while entering Tamas may be slightly out of 
BM line as it will follow elliptical path. 


Now from figure, 

We have two similar triangles, EAC and MBC. 
So, 

EA/AC = MB/BC 

MB = EA x BC/AC 

Diameter of Tamas = 2MB 


= 2x EAx BC / AC 
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A Brief on ARYABHATIYA 


= 2 x EA x (AC - AB)/AC 


Diameter of Tamas = (length of Earth's shadow - Moon's distance) x Earth's diameter 
/ length of Earth's shadow 


This Tamas keeps moving with Sun's position around Earth. When Moon comes inside 
this Tamas we get to see lunar eclipse. 


Stanza 41: 
ARR ariedeurmaruafid SIS | 
Ri af a ga Ta searcher | 82 11 


"From the square of half the sum of the diameters of Tamas and the Moon, subtract 
the square of the Moon's latitude, and then take the square root of the difference: the 
result is known as half duration of the eclipse. The corresponding time is obtained with 
the help of the daily motions of Sun and Moon" 


As we Saw in earlier stanza on the size of Tamas at Moon's distance. When Moon 
enters Tamas, then eclipse starts and when it leaves, eclipse ends. So, parameters 
involved to find the duration of lunar eclipse are Moon's movement speed, diameter of 
Moon, Tamas size, Speed of Tamas(which depends on the position of Sun with 
respect to Earth) and Moon's latitude (why? Wait for next post). Let us see about this 
stanza now. 


Half the duration of lunar eclipse in terms of arc minutes = sqrt((semi diameter of 
Tamas + semi diameter of Moon)*2- (Moon's latitude)*2) 


Half the duration of lunar eclipse in terms of ghatis = 60 x sqrt((semi diameter of Tamas 
+ semi diameter of Moon)*2- (Moon's latitude)*2)/(Moon's daily motion - Sun's daily 
motion) 


Upon iteration of the above formula, a saturated value for lunar eclipse duration can 
be calculated. 


We will see in detail about this calculation in next post. 


Before going into the calculation, we need to know the shadow concept and rough size 
of Moon inside Earth's shadow. Refer first image for Sun, Earth, Earth's shadow and 
Moon during a TOTAL lunar eclipse. We will see what is total lunar eclipse and partial 
lunar eclipse (there are few other types as well). Aryabhata has covered on total lunar 
eclipse in next stanza. We will see that also in this explanation. Next, after referring 
this image, it may seem like a simple calculation but let us see next on the parameters 
required to find the duration of lunar eclipse. Aryabhata's process is an iterative 
process. 


Author: Madhusoodhanan Ramakrishnan. 135|Page 


kkekkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk kkk 


Xr Xe Ye ee Be Be Be Xe ee Xe ee Me ee Be Be Me Be Me Xe ee Me ee Bb Be Bb Be Me Ae Me Me Me Be Ne ee A Me Me le Be Me be Me Me Me Me Me Me Me be Me Ne Mb Ue be Be ee A A e 


AAA A A AAA A A AAA A AAA A AAA A A AAA A AA AAA AAA AAA AAA AA 


A Brief on ARYABHATIYA 


There are several different phases of a lunar eclipse. Refer second image. Now, you 
can understand, that Moon does not always pass through the center of Earth's 
shadow, so duration varies with the path of Moon with respect to the shadow circle. 


V: Entering Tamas (beginning of the eclipse) 

W: Beginning of the total eclipse 

X: Maximum of the eclipse (middle of the total eclipse) 
Y: End of the total eclipse 


Z: Exiting Tamas (end of the eclipse) 





Time and duration are different. Time for the maximum of the eclipse(position X) can 
be calculated based on the alignment point of Sun, Earth and Moon (based on Rahu/ 
Ketu position with Moon and Sun). Lunar eclipse happens when Moon is closer to 
Rahu/ Ketu point and Earth shadow is also closer to Rahu/ Ketu(Sun is opposite to 
Rahu/ Ketu point). We will see about this in next post as a part of this calculation. For 
duration of eclipse, we need many parameters. 


To find duration of partial eclipse and total eclipse, we need time of Y, Z, W and V. 
| will list down some values below which are required for calculation. Some of these 
values may vary with time but considering this for showing calculation. 
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A Brief on ARYABHATIYA 


1. Radius of the Sun, Rs: 700 000 km 

2. Radius of the Earth, Re: 6 370 km 

3. Radius of the Moon, Rm: 1 740 km 

4. Earth - Sun distance (km), ES: 149 900 000 (varies, but considered this value for 
calculation purpose) 


5. Earth - Moon distance (km), EM: 366 600 (varies, but considered this value for 
calculation purpose) 


6. Moon orbits the Earth in a period of 29.53 days, relative to the Sun, or to the Earth's 
shadow. 


Steps for our calculation are, 

1. Earth's shadow length, 

2. Tamas diameter, 

3. Speed of Moon, 

4. Extent of lunar eclipse and then 

5. Duration 

1. Earth's shadow length, 

SL= ES x Re x 2/(2 x (Rs-Re) (refer stanza on shadow length for formula) 
= 149900000 x 6370 x 2 /(2 x (700000 - 6370) 
= 1376617.2166 km 

2. Tamas diameter, 

Dt = (SL - EM) x Re x 2 / (SL) 
= (1376617.2166 - 366600) x 6370 x 2/ 1376617.2166 
= 9347.27 km 


3. Speed of Moon: 
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Refer first image for Sun's and Moon's path. Interesting points are nodes N and N' 
(Rahu and Ketu). As Earth also rotates, these nodes also move around Earth. Earth's 
shadow moves in Sun's path but opposite side of Sun. Moon will come inside Earth's 
shadow when Earth's shadow and Moon meets at node. Note that there is an tilt with 
Moon's path and Sun's path. If this is not there, then we would have got lunar eclipse 
every lunar month. Now, since we are in the process of finding duration which is time 
duration, we need time factor in the equation. Since, lunar eclipse depends on the 
movement of Earth's shadow and Moon, we need to consider the relative motion of 
Moon with respect to Sun. The Moon orbits the Earth in a period of 29.53 days, relative 
to the Sun, or to the Earth's shadow. This period is the same as the interval between 
two successive Full Moons, or two New Moons. Now, we need the speed of Moon 
around Earth for an observer in Earth. If it takes 29.53 days for Moon to come around 
relative to Sun, which is 360deg (2xpi) in angle for a revolution at circumference of 
Moon's distance from Earth. Then, 


Speed of Moon = Distance traveled/ Time taken 
= 2 x pi x radius / Time for one revolution 
= 2 x 3.14 x EM / 29.53 in km/ days 
= 2 x 3.15 x 366600 / (29.53 x 24) in km/hr 
= 3250.1144 km/hr 
= 54.1685 km/min 


Now for the duration of the eclipse, we need to find time from distance traveled and 
speed. Also note that Moon's speed is not constant but considered so for 
approximation. Moon orbits the Earth on an ellipse; its distance to the Earth can vary 
from 356 000 to 407 000 km and also speed varies as we have studied in Kepler's 
second law of planetary motion. 


Duration of eclipse = distance travelled by Moon inside Tamas/ speed of Moon. 


Aryabhata in his work has shared formula for the distance travelled and for relative 
speed he has given total revolution of planets. 
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A Brief on ARYABHATIYA 


Here, we finding an approximate values as the accurate value also depends on 
parallax, speed of light and movement of Tamas, etc., 


To find distance travelled by Moon, we need to also know the extent of an eclipse. 


4. Extent of lunar eclipse: 





- — x += 
e - I MEE m: Ku 


Refer second image where different scenarios are shown for understanding different 
conditions for an eclipse. This is the major parameter which changes among different 
eclipses which changes it duration. Aryabhata has shared extent of eclipse in 
upcoming stanzas. In earlier stanza he has shared on how to find distance travelled 
by Moon inside Tamas which we will see as a part of this post. For extent of lunar 
eclipse, 


Case1- Moon passes thru the center of Tamas: this condition will result in maximum 
duration of the eclipse as Moon has the cross the maximum distance with Tamas 
which its diameter. In this case eccentricity, e is O. 


Extent of lunar eclipse, g = (Rt + Rm-e)/(2Rm) 


This is just an equation to find the extent of eclipse which is defined by the maximum 
and minimum conditions. 


So for case1, g = (Rt + Rm)/(2Rm) >1 


Case2- Moon passes thru a path with one instance completely inside Tamas: 
Here, we get to see Total eclipse for a fraction of time and rest is partial eclipse. 


Author: Madhusoodhanan Ramakrishnan. 139 |Page 


kkekkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk kkk k 


Be ee Xe ee Be Be Be Xe ee Xe ee Me ke Be Be ie Ee Me Be ee Ae ee Bb Be Be Be Me Ae Me Me ee Be Ne Bb A A Me Me Me Be Me be Me Me Me Me Me Be Me Be Ne Me Ne Mb Ue Mb We Be le Me MA e 


x Fe He e e e e e se e e e e oe e e fe e fe eoe e e e e fe e de e e e eoe e e e e e e e eoe eoe ox 


Be Xe Be A A A Xe A A A A Be A A A A A A A A Be A A A A A A A A Be A A A A A A Be A Be A A A A A A A MA A A Be A A A A A A A A Be A A A Be 


A Brief on ARYABHATIYA 
e = Rt- Rm 
g = (Rt + Rm - Rt + Rm)/(2Rm) 
ge 


So, from case 1 and case 2 it is clear that if g is greater than 1 then we get to see total 
eclipse. 


Case3- Moon passes. outside Tamas but touches at one point: 
In this condition, Moon just touches and go without even a partial eclipse. So, 


e = Rt + Rm 
g = (Rt + Rm - Rt - Rm)/(2Rm) 
=0 
So, if g is between 0 to 1, it is partial eclipse and if g is greater than 1 then Total eclipse. 


Case4- Moon passes completely outside Tamas: 
Here, e is greater than Rt + Rm to g will be negative. If extent of an eclipse, g is 
negative then no eclipse. 


Case5- Moon at the position in between somewhere in Tamas: 


Now, let us see a case where Moon passes inside Tamas. Now, refer first image. 
Eccentricity, e depends on the path of Moon with Tamas in path of Sun. Tamas moves 
as Earth moves around Sun. Considering speed of Tamas is comparatively less to 
speed of Moon, we will see how to find eccentricity, Moon's latitude and distance 
travelled by Moon inside Tamas. 


In image, I have marked Rt as R and Rm as r. Here, there are two right angle triangle 
with common side as Moon's latitude. Half travel distance of Moon for eclipse is AB 
(including total and partial) and AB' is half travel distance of Moon for total eclipse. We 
will write formula for these distances in terms of Rt, Rm and e (eccentricity or Moon's 
latitude). Please note that first contact point on Tamas gives Moon's latitude which is 
related to eccentricity. For case1, first contact is at Odeg lat of Moon. For case4, at 
90deg Moon's lat. For case2, it can be calculated based on radius of Tamas and Moon. 


Aryabhata shared in terms of Moon's latitude, e, as it can be observed. We will see 
this in next post. It is to be noted that our ancestors are keen observers. For find 
Moon's first contact latitude, you need to observer Moon's path on that day and then 
with reference to path the first contact point needs to be observed. 


AB' = sqrt(CB'^2 - e^2) 
CB' = Rt- Rm 


So, AB' = sqrt((Rt-Rm)^2-e^2) 
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Refer formula in stanza 41 now which is same as above formula. For duration, we 
need to divide this by speed of Moon relative to Sun. For a sample calculation on 
extent and duration, we will take lunar eclipse happening next year on 26th May 2021. 


Lunar eclipse on 26th May 2021 has magnitude of 1.009 at Maximum eclipse which is 
at 16.49. | had mentioned about iteration process earlier. Finding magnitude is a 
iterative process. We will see that after seeing next two stanzas. Magnitude depends 
on the true longitude of Moon and node. Nodes are invisible and position of those can 
be determined only by calculation. Hence they are called Demons (Rahu and Ketu) as 
they are invisible. There are different methods to find like from ahargana and revolution 
made by nodes and Moon or from earlier eclipse details or observation of Sun and 
Moon position or first, second, third and fourth contact points during eclipse. Also, we 
need the time of Maximum eclipse which can also be determined from one of the 
above methods. 


Total eclipse duration: 
Extent of lunar eclipse or Magnitude, g = (Rt + Rm-e)/(2Rm) 
1.009 = (9347.27/2 + 1740 - e)/(2x 1740) 
e = 2902.18 km 
AB' 2 sqrt(Rt-Rm)^2-e^2) 
- Sqrt(4673.63-1740)^2-2902.18^2) 
- 427.52 km 
Half duration of Total eclipse = 427.52 / speed of Moon 
= 427.52/54.1685 
= 8min 
Total duration of Total eclipse = 16min 
Partial eclipse duration: 


e = 2902.18 km 
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AB - sqrt(Rt--Rm)^2-e^2) 

= Sqrt(4673.63-«-1740)^2-2902.18^2) 

= 5719.44 km 
Half duration of partial eclipse = 5719.44 / speed of Moon 

= 5719.44/54.1685 

= 105.58 min 

= 1 hr 46min 
Total duration of partial eclipse = 2 x 106.58 

= 213.16min 

= 3 hr 33 min 
So, based on above calculation following are the timelines, 
Maximum eclipse time = 26-05-2021 16:49 at Mumbai, India 
Start of partial eclipse (-105.58min) = 26-05-2021 15:03 
Start of total eclipse (-8min) = 26-05-2021 16:41 
End of total eclipse (+8min) = 26-05-2021 16:57 
End of partial eclipse (+105.58min) = 26-05-2021 18:35. 


Refer images for more accurate results. Variation in time is due to other factors like 
parallax, speed of light, exact values of EM, Rm, etc., not considered. Aryabhata has 
shared formula for parallax also. 
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Penumbral 26 May 26 May, No, below the 
Eclipse begins 08:47:39 14:17:39 horizon 
Partial Eclipse 26 May. 26 May, No, below the 
begins 09:44:58 15:14:58 horizon 
Full Eclipse 26 May 26 May, No, below the 
begins 11:11:26 16:41:26 horizon 
Maximum 26 May. 26 May, No, below the 
Eclipse 11:18:42 16:48:42 horizon 
FullEclipse ends 26 May 26 May, No, below the 
11:25:54 16:55:54 horizon 

Partial Eclipse 26 May, 26 May, No, below the 
ends 12:52:23 18:22:23 horizon 
Penumbral 26 May, 26 May, Yes 
Eclipse ends 13:49:44 19:19:44 

Stanza 42: 

SRO HDR atic OTA HAT | 


fadupfaads cared fare sh 11 ¥2 II 


"Subtract the semi diameter of Moon from the semidiameter of that Tamas snd find 
square of that difference. Diminish that by the square of Moon's latitude and then take 
the square root of that and thus obtained is the duration of totality of eclipse" 


That is, 
Half duration of total eclipse in arc minutes= sqrt((T+Rm)^2 - (Moon's lat)^2) 


Half Time duration of total eclipse = (sqrt((T+Rm)*2 - (Moon's lat)*2))/(Moon's daily 
motion - Sun's motion) 


We have seen this calculation in earlier post. 


This gives approximate result but upon iteration for Moon's latitude, accurate results 
can be obtained. 


Stanza 43: 
MARGA Sl URNAS sedated save | 


MATAR A Fed ARMS |! ¥3 1 


"Subtract the Moon's semidiameter from the semidiameter of Tamas; the subtract 
whatever is obtained from the Moon's latitude: the result is the part of the Moon not 
eclipsed by the Tamas" 


That is, 
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Length of Moon's diameter not eclipsed = Moon's latitude - (semidiameter of Tamas - 
semidiameter of Moon) 


Refer image. 





Stanza 44: 
faduarfateateuienentdvatsta4rcer | 
We Herel VORP icra 8 1 


"Subtract the ista from the semi duration of the eclipse; to the square of that difference 
add the square of Moon's latitude at that time; and take square root of this sum. 
Subtract that square root from the sum of the semidiameter of the Tamas and Moon: 
the remainder is the square of the eclipse at the given time" 


It should have Aryabhata theorem instead of Pythagoras theorem. Even in Aryabhatiya 
alone, Aryabhata had used this multiple times. Let us now see the amount of eclipse 
at a given time as shared by Aryabhata. Let us also see the iteration to find maximum 
eclipse, Moon's latitude at maximum eclipse which | mentioned that | will explain later. 


Now refer first image shared. Moon's orbital path is tilted at an angle of about 5.14deg 
from the ecliptic (path of Sun and Tamas). Now, the intersection of these orbits are 
nodes. Since, the angle is very low, for finding duration of eclipse, many may have 
considered the path of Moon and ecliptic as parallel to arrive at simple formula. But, 
since Moon's latitude will be small from Tamas, this angle defines the Moon's latitude 
if we Know true longitude of Moon's and Sun or Tamas. 
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Refer second image. Here, we will first see what is shared by Aryabhata in this stanza. 
Eclipse is measured based on the intersection of Moon and Tamas (thickness of the 
eye shape). Refer Ganita pada, stanza 18, formula for amount of intersection is shared 
by Aryabhata. Based on the formula, 


Measure of eclipse = Rt+Rm - AB' 
- (Rt- Rm)-sqrt(B'C'^2--(AC-CC")^2) 
Here, 


B'C' = Moon's true latitude at a given time 
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AC = difference in true longitude of Tamas and Moon's first contact point 
CC' = difference in true longitude of Moon from first contact and given time 
Now, coming back to Moon's latitude, 


Refer third image, it can be seen that Moon's latitude depends on the true longitude of 
Node, tilt in orbit and true longitude of Moon. 


tan(5.14) = Moon's latitude/(True longitude of Moon - True longitude of Moon) 


Also, note that the possibilty of lunar eclipse is also limited to a particular true longitude 
of Moon as shown in fourth image. Since, for lunar eclipse, we need to find true 
longitude of Moon, Tamas and Node, Aryabhata has shared the method of calculating 
Ture longitude in Kalakriya pada. 


Stanza 45: 
AMPARA REA | 
AR sua o AUREA 11 84 11 


"Multiply the Rsine of the hour angle by the latitude and divide by the radius: the result 
is aksavalana. lts direction is south. Making use of the semiduration of the eclipse, 
calculate the longitude of Sun and Moon for the time of first contact. Increase that 
longitude by three signs and by the Rsine of the Sun's greatest declination and dividing 
calculate the Rsine of the corresponding declination: this ayanavalana, time of first 
contact" 


Aksavalana means deflection due to latitude. First half of the formula shared by 
Aryabhata here is on aksavalana and the second half is on Ayanavalana which is 
deflection due to the ecliptic which is used during eclipses. We saw the deflection due 
to the ecliptic in the earlier stanza. In addition to the formula we saw earlier, Aryabhata 
also shared the transformation to celestial equator. 


Aksavalana = Rsin(Hour angle) x Rsin(local latitude) / R 
Ayanavalana = Rsin(long. of eclipsed body) x Rsin(greatest declination) / R 
Greatest declination considered by Aryabhata is 24deg. 


Above formula gives correlation between local angle and that of the eclipse to 
calculate the first contact time. After that by iteration, that is, by increasing Moon's 
longitude step by step we can find the maximum value of measure of eclipse and then 
the time of maximum eclipse can be found. Refer earlier stanza where | have shared 
the condition for first contact. 


First the day of eclipse is determined by the revolution numbers then longitude of 
eclipsed object is found at the time for intersection. Precise value is identified by 
changing the longitude closer to the eclipse zone and then comparing with the 
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condition shared to set exact time of start, max and end of eclipse. If we consider UTC 
time zone and transform to that longitude then we will get time against UTC. 


Stanza 46: 
uae LARA SEU ARM Yat PORT | 
Td PURPURA 11 88 11 


"At the beginning of its eclipse, Moon is smoky; when half obscured, it is black; when 
totally obscured, it is tawny; when far inside the shadow, it is copper coloured with 
blackish tinge" 


Stanza 47: 
AFRA sch Smp «afa Sra I 
YUARURARU GI sea foaled MARAT 11 vio 11 


"When the disc of Sun and Moon comes into contact, a solar eclipse should not be 
predicted when it amounts to one-eighth of Sun's diameter on account of brilliancy of 
Sun and transparency of Moon" 


We all know that looking at bright sun is dangerous to eyes and may result in 
permanent blindness. Aryabhata here in Aryabhatiya explained about lunar eclipse 
and mentioned precautions for Solar eclipse in this stanza. 


Stanza 48: 
faferfearnierpatds-qarid Werde gg I 
UMAR ASAT Ud ARTS 10 vec 1 


"Sun has been determined from the conjunction of Earth and Sun, Moon from the 
conjunction of Sun and Moon, and all other planets from the conjunction of planets 
and Moon" 


It can be noted that for all other planet it is from Moon's reference at planets can be 
observed at night with Moon. Also, ancient Indians knew how to pin point planets at 
night without any aid like telescopes. 


Here, in this stanza, the position of the planets can be identified based on the 
revolution number and the angular distance from their respective conjunction. Refer 
earlier stanza on revolution number in Githika pada where we have already seen what 
is shared in this stanza. 


Stanza 49: 


UMASS Ut TAURI | 
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"By the grace of Brahma, the precious jewel of excellent knowledge has been brought 
out by me by means of the boat of my intellect from the sea of true and false knowledge 
by diving deep into it" 


Stanza 50: 
amiet STI Ud «anmgperd smar P1874 | 
ypas Hod Ullode FART 11 Go I 


"This work, Aryabhatiya by name, is the same as ancient svayambhuva which was 
revealed by Svayambhu and such it is true for all times. One who imitates it or finds 
fault with it shall lose his good deeds and longevity" 


Concept shared in Aryabhatiya was actually from Svayambhuva which would have 
been followed by Ancient Indian astronomers like Aryabhata. Here in Aryabhatiya, 
Aryabhata shared numbers based on his observation for us to simplify and find what 
we need and help us to do such observation. 


With this Aryabhatiya is over. Thanks to Aryabhata and his commentators for sharing 
this in a way which was easy even for me to understand. 
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